
R5-2014-0104710000333 

Y.0 EXAMPLE CALCULATIONS—INITIAL CORRELATION TEST 

This section presents several examples of initial correlation test calculations. For each of the 
examples, a brief description of the correlation test scenario is provided, followed by a summary 
and discussion of the results of the calculations. For the first example, a11 of the equations used 
to evaluate the data and some sample calculations are presented. The calculations for al1 of the 
examples were performed using the Correlation Test Calculation Spreadsheet, which is described 
in Section X. Appendix A includes the entire spreadsheet output for each of the examples. 

Y.l EXAMPLE 1: HOW DO I DEVELOP AN INITIAL CORRELATION? 

Y.l.l Correlation Test Scenario 

A correlation test is performed on a boiler at Facility A. The boiler is equipped with an in situ 
PM CEMS that responds to PM concentrations at actual conditions. The emission limit, when 
converted to units that are consistent with the PM CEMS sampling conditions, is 20.0 mg/acm. 
Twenty-four test runs are performed using a single Method 5 sampling train. The facility 
determines that four of the test nins (Runs 7, 8, 9, and 18) were suspect because of problems 
with the sampling train. Tab1e Y-1 summarizes the correlation test data. Figure Y-1 shows a 
plot of the data. 

Table Y-1. Summary of Correlation Test Data for Facility A 

Run no. 
rivi k.r.iv1113 response, 

mA 
rivi concencration, 

mg/acm 

1 4.90 2.1 

2 7.60 2.9 

3 7.80 5.1 

4 9.20 4.8 

5 10.10 2.9 

6 11.06 6.3 

7 13.40 0.2 

8 16.10 0.6 

9 15.80 0.3 

10 12.00 8.4 

(continuecl) 
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Table Y-1. (continued) 

P-Nl CEMS response, 
Run no. 	 mA 

11 	 18.20 

PM concentration, 
mg/acm 

8.4 

12 15.70 4.9 

13 13.90 6.3 

14 19.70 13.0 

15 21.02 9.1 

16 22.30 13.9 

17 24.10 8.7 

18 25.90 0.6 

19 24.70 12.6 

20 26.40 15.9 

21 29.08 16.2 

22 29.30 13.5 

23 30.50 15.9 

24  33.10 18.5 

Figure Y-1. Plot of the correlation test data for Facility A. 
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Must I use al1 of the test data to develob the correlation? 

Section 8.6(3) of PS-11 requires a minimum of 15 valid test runs for developing the correlation, 
and Section 8.6(3)(iii) allows you to discard up to 5 test runs without explanation. Additional 
test runs can be discarded if the basis for rejecting the runs is specified in the manual test 
method, in PS-11, or in the quality assurance plan for the source. In this example, an additional 
nine test nzns were performed, so it is not necessary to use a11 of the test data. Five of the runs 
can be discarded without explanation. As indicated in Figure Y-1, the results from test Runs 7, 
8, 9, and 18 appear to be outliers. If the four outliers are discarded, there are 20 runs remaining, 
which satisfies the minimum requirement of 15 runs for developing the initial correlation. Note 
that Section 8.6(3)(ii) of PS-11 sti11 requires you to report all of the data, even for those runs that 
are rejected. 

How do I develop a linear correlation curve from the data? 

To develop a linear correlation model, follow the procedures described in Section 12.3(1) of 
PS-11. The form of the linear model is provided in Equation 11-3 of PS-11: 

~ = bo  + bi x 
where 

i= the predicted PM concentration 
bo  = the intercept for the correlation curve 
b, = the slope of the correlation curve 
x= the PM CEMS response value. 

To begin, the mean PM CEMS response (G) and mean PM concentration (CP) are calculated as 
follows: 

1n 	1 
x=—Y— x- =—(4.9+7.6+7.8+  .... +331)= 1853 

n i= i  ' 	20 

_ 1 n 	1 
Y= n ~ y ;  — 20 (2.1+2.9+5.1+....+18.5)=9.47 

The variables S xX  and S xy, which are presented in Equation 11-7 of PS-11, are calculated next as 
follows: 

S~x 	(x
i 
 — 7)2 ((49 — 1853 

)2 
 + (76 — 1853 )

2
+ K+(331 — 1853 

)2 
 )= 14422 

n 

S,~, — I (x ;  — x )(y ;  — y ~ _ (49 — 1853 )(21 — 947 ) + (76 — 1853 )(29 — 947 )+ K + 
1=1 

(3 3.1— 18.5 3)(18.5 — 9.4 7) = 7 8 5 2 
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The slope of the correlation curve (b,) is determined by Equation 11-6 of PS-11: 

bi  = Sx,, =  7852 
 = 0544 

S .,, 	1,4422 

The intercept of the correlation curve is determined using Equation 11-4 of PS-11: 

bo  = y — b i  ❑ .x = 947 — (0544 x 1853 ) = —0621 

The resulting equation for the correlation curve is as follows: 

i = ! 0.621 + 0.544x 

How do I determine the linear correlation coefficient? 

The linear correlation coefficient (r) is calculated using the parameters S z  and Sy. The parameter 
SL  is defined in Equation 11-9 as follows: 

n 

Si — n 1  2 ~ 
i=1 

To calculate S z, the linear correlation equation must be used to determine the predicted PM 
concentration ( i) for each test run. For example, for Run 3, the PM CEMS response is 7.8 and 
the predicted PM concentration is 

~ = —0621 + 0544 (78 ) = 3626 

Table Y-2 shows the results of the calculations of i. Using these values, the calculation for S z  is 
as follows: 

sL — ~20 1  
2 ((2047 — 21)

2 
 + (3517 — 29 ) z   + (3b26 — 51)

2 
 + K+(17.401 — 185 )z  

Y 
 1910 

Table Y-2. Predicted PM Concentrations ( i) for Linear Correlation 

Run no. 
PM CEMS 

response, mA 
PM concentration, 

mg/acm  
Predicted PM 

concentration ( i)a  

1 4.9 2.1 2.047 

2 7.6 2.9 3.517 

3 7.8 5.1 3.626 

4 9.2 4.8 4.388 

5 10.1 2.9 4.878 

(continuecl) 
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Table Y-2. (continued) 

Run no. 
PM CEMS 

response, mA 
PM concentration, 

mg/acm 
Predicted PM 

concentration ( i)' 

6 11.06 6.3 5.401 

10 12 8.4 5.913 

11 18.2 8.4 9.289 

12 15.7 4.9 7.928 

13 13.9 6.3 6.947 

14 19.7 13 10.105 

15 21.02 9.1 10.824 

16 22.3 13.9 11.521 

17 24.1 8.7 12.501 

19 24.7 12.6 12.828 

20 26.4 15.9 13.753 

21 29.08 16.2 15.213 

22 29.3 13.5 15.332 

23 30.5 15.9 15.986 

24  33.1 18.5 17.401 

a Calculated using the correlation equation: i=-0.621 + 0.544x. 

The parameter S y  is calculated using Equation 11-15 of PS-11 as follows: 

Fn 
 y)2 

s == 
' 

'(2.1- 9.47) 2  +(29 - 9.47) 2  +(5.1- 9.47) 2 +K+(18.5- 9.47) 2  
20 - 1 

= 5.095 

With the values for S z  and Sy, the correlation coefficient is calculated using Equation 11-14 as 
follows: 

Fl~r= = 1- (5095 )~  0927 

The correlation coefficient (0.927) is greater than 0.85 and, therefore, satisfies PS-11. 

Note: For data sets that show 1ittle to no correlation, the value for S z  can be greater than S y. In 
such cases, the correlation coefficient (r) calculated using Equation 11-14 is undefined because it 
entails determining the square root of a negative number. Even though the correlation 
coefficient cannot be determined, it can be assumed that the value for r does not meet the 
criterion of 0.85 specified by PS-11. 
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How do I calculate the confidence interval half range percentage for the linear correlation? 

The half range for the 95 percent confidence interval(CI) for the predicted PM concentration at 
the mean value of x is determined using Equation 11-8 of PS-11: 

CI = tdf i-,1a C`Si 	n 

The variable taf,  I _alz  is obtained from a table of t-statistic values. The degrees of freedom (df) 
equals n-2, and the value for the t statistic for this example is 2.101. With this value and the 
value for SL  calculated above, CI is calculated as follows: 

FAO  
CI = 2.101(1.91) 	= 0.897 

The emission limit in this example is 20.0 mg/acm. To determine CI as a percentage of the 
emission limit, Equation 11-10 is used as follows: 

CI% _L x 100% = 20~ x 100% = 4.49% 

The resulting value for CI% is 4.49 percent. Because this value is Iess than 10 percent, the 
correlation satisfies the criterion for confidence interval half range. 

How do I calculate the tolerance interval half range percentage for the linear correlation? 

Equation 11-11 of PS-11 is used to calculated the tolerance interval half range (TI) at the mean 
value of x: 

TI = kT '❑'S L  

The parameter kT  is determined using Equation 11-12 of PS-11: 

k T  = un , - vdf  

The parameters u N  and vdf  are determined from Tab1e 1 of PS-11. In this example, iN is the 
number of test runs used for the correlation (20), u N = 1.177, and vdf  equals 1.384 for n-2 degrees 
of freedom. With these values, k T  and TI are calculated as follows: 

k 7  = un , ❑vdf  = 1.177 (1384 	1.629 

TI=kT ❑S L =1.629(191)=3111 

With an emission limit of 20.0 mg/acm, the tolerance interval as a percentage of the emission 
limit is determined using Equation 11-13 as follows: 
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TI 	 3111  
TI% = —x 100% = 	x 100% = 156% 

EL 	200 

The resulting value for TI% is 15.6 percent. Because this value is less than 25 percent, the 
correlation satisfies the criterion for tolerance interval half range. In summary, the linear 
correlation developed from the data satisfies all of the criteria specified in PS-11. 

How do I develop a polynomial correlation curve from the data? 

A polynomial correlation curve can be expressed by the following: 

~ _ b 0 + b Ix  + h2x 2 

The procedures for developing a polynomial correlation curve are described in Section 12.3(2) of 
PS-11. The first step is to determine the values for the parameters S, through S,, as defined in 
Equations 11-17 and 11-18 of PS-11. These calculations are summarized as follows: 

n 

S l   = ~ (x ) _ (49 + 76 + 78 + K+331) = 370.7 
;=1 

n 

S2  = ~ (x; 2 )=(4.9 2 +7.6 2 +7.82 +K+33f)= 8,312 

n 

S3  = ~ (x, 3  ) = (49 3  + 76 3  + 78 3  + K+331 3  ) = 208,377 
i=1 

n 

S4  = ~ (x, 4 )= (4.9 4 +7.6 4 +7.84 +K+33t)+5,574977 
t=1 

n 

Ss  = 1 (y, ) = (21 + 29 + 51+ K+185 ) = 1894 
;=1 

n 

S6  = I (x,Y, ) = ((49 )(21) + (76 )(29 ) + (78 )(5l)+ K+(331)(185 )) = 4,295 
i=1 

S., 	(xi  ZYj  ) = ((4.92  X2.1) + (7.6 2  X2.0) + (7.82  X5 .I]+ K+(3 3 f X1 8 ~) = 10 $ 5 6 7 

Next, the parameter det A must be calculated using Equation 11-22 of PS-11. For this example, 
the calculation is as follows: 

det A = n S2  ~S4  — '~2  '~2  ~'~2  + ~1  - ~3  - S2  — ~3  - ~3  - 72 + ~2  - ~1  - ~ — Sq  I~S l  l~ Sl  = 

(20)(8,312X5574 ,977)— (8 ~ 12 X8 ~ 12 X8 ~ 12 )+ 3707 (208,377X8 ~ 12 )— (208377 )(208,377X20)+ 

(8,312)(370.7 )(208,377)— (5574 ,977X370.7 )(3707 ) = 2120 x 10 9  

The values for the correlation curve parameters b o, b,, and bz  can now be determined using 
Equations 11-19 to 11-21 of PS-11: 
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bo  = (S5 -S2  S4  + S1  S3  S, + Sz  S6 ~S3  - S7-S2 ~S2  - S3 -S3 -S5  - S4 ~S6 -S1 ) 
det A 

= 	1 	[(189)(8,312 5~74 ,977 + (370.7 )(208,377 	( 	4 ~ 95X208 ~ 77 108 ~ 67 ~ + 208,377 	 ~ — 
2.12 x 109 	X 	) 	 X 	 X 

(108567 X8,312X8 ~ 12 )— (208,377X208 ~ 77 )(189)— (5574,977X4,295X3707 )] 

= 0.4 2 0 

y (n^s6^s4  + S5^S3^Sz + Sz ^S 1 	^  ^ ~7  - ~z ^~6 SZ - S7 ~S3^n-  ~4^ ~1^ S5 )  
U1 

- 

- 
det A 

= 	1 	9  [(20)(4,295X5574 ,977)+ (189)(208,377X8,312)+ (8,312X370.7 )(108567 )— 
2.1 2 x 10 

(8,312X4,295X8,312)— (108567 X208,377X20)— (5574 ,977X3707 )(189)] 

ioi• 

(12-S2 ^S 7  + Sl ^S6 -:SZ  + S5 -:Sl ^S3  - S2 :-S 2 ~ 5  - S3 ^S6 -12 - S 7 7S 1 ''-S1/  
det A 

= 	1 	[(20)(8,312X108567 )+ (3707 )(4,295X8,312)+ (189)(370.7 )(208,377)- 
2.12x 109  

(8,312X8,312X189)— (208,377X4,295X20)— (108567 X3707 )(3707 )] 

= 000368 

The resulting correlation curve is as follows: 

i = 0.420 + 0.406x + 0.00368x2  

How do I determine the polynomial correlation coefficient? 

The polynomial correlation coefficient (r) is calculated using the parameters S p  and Sy. The 
parameter S p  is defined in Equation 11-26 as follows: 

_ 	1 	n 	2 
Sp — n — 3~(~, — Y,) 

i=1 

To calculate Sp, the predicted PM concentrations must be determined by substituting the PM 
CEMS response values into the correlation curve. For example, the predicted PM concentration 
for Run 10 is 

b2  = 

: 
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~ = 0420 + 0406 (12) + 000368 (12) 2  = 5819 

Table Y-3 shows the predicted PM concentrations for all of the 20 test runs used to develop the 
correlation. Substitute these values into Equation 11-26 to calculate the value for S p . 

Sp  = V
20 

1 
 3 

 ((2497 - 21) 2  + (3.717 - 29 ) 2  + (3809 - 5.1) z  + K+(17884 - 185 )2 ) = 1951 
-  

Table Y-3. Predicted PM Concentrations ( i) for Polynomial Correlation 

PM CEMS 	PM concentration, 	Predicted PM 
Run no. 	response mA 	mg/acm 	concentration ( W 

1 4.9 

2 7.6 

3 7.8 

4 9.2 

5 10.1 

6 11.06 

10 12 

11 18.2 

12 15.7 

13 13.9 

14 19.7 

15 21.02 

16 22.3 

17 24.1 

19 24.7 

20 26.4 

21 29.08 

22 29.3 

23 30.5 

24 33.1 

a Calculated using the correlation equation 

2.1 2.497 

3.717 

3.809 

4.465 

4.894 

5.358 
5.819 

9.024 

7.698 

6.771 

9.842 

10.576 

11.299 

12.337 

12.688 

13.698 

15.333 

15.469 

16.221 

17.884 

2.9 

5.1 

4.8 

2.9 

6.3 

8.4 

8.4 

4.9 

6.3 

13 

9.1 

13.9 

8.7 

12.6 

15.9 

16.2 

13.5 

15.9 

18.5 

0.420 + 0.406x + 0.00368x2  

The parameter S y  was determined previously to be 5.095. As shown below, substituting S y  and 
Sp into Equation 11-33 results in a correlation coefficient of 0.924, which satisfies the minimum 
value of 0.85 specified by PS-11. 

Fl; 	 (1951) 2  
r =

- 1(5.095 2 =0924 
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How do I calculate the confidence interval half range percentage for the polynomial correlation? 

The half range for the 95 percent CI for the predicted PM concentration must be determined at 
the minimum value of the parameter delta O m;n). The expression for calculating ) is provided in 
Equation 11-25 of PS-11: 

4 = Co  + 2Cix + (2C2  + C3 )x 2 + 2C4x 3 + C5x 4 

Before calculating ), it is first necessary to calculate the parameters C o  to C5, which are defined 
in Equation 11-23 of PS-11 as follows: 

\S2 '':-'',S4  - S32 /  
C~ 

- 
- 	D  

(S3  —S2 — Sl S4 )  

Cl 
— 

- 	D 
S1 , S3  - Sz  2 

Cz  = 	D 

(nS4  - S22 )  
C3  = 	D 

(S l  -S z  - nS3 ~  
C4  = 	D 

_ (nS2  - S12  )  
C5 	D 

The variable D in the denominator of these expressions is determined using Equation 11-24. For 
this example, this calculation is as follows: 

D=n(SZ~S4-S3Z)+Sl(S3 ❑ SZ-S,I~ S4/+S2t ] -S2Z / 

= 20t(83 12 X5574 ,977)— (208,377)
2 
 )+ 370.7 ((208377 X8,312)— (3707 )(5574 ,577))+ 

8,312((370.7 )(208,377)— (8,312)
2 
 )= 2120 x 10 9  

Substituting the values for D and for the variables S l  to S4, which were defined previously, you 
find the following coefficients for determining ): 

Co  ((8,312X5574,977)— (208 ~ 77 )3)
— 1.375 

2.1 2 x 109  
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Cl  -  ((208,377X8,312)- (3707 )(5574,977)) 
  _0.1578 

2.12x 109  
(0707 )(208,377)- (8,312)2 )  

C2 	 2.12x 109 	

- 
- 0003846 

((20)(5574,977)- (8,312)2 )  

C3 = 	2.12 x 109 	

- 
- 002001 

C4 
 -  ((370.7 )(8,312)X (20)(208,377 )) 

 - _00005126 
2.12 109  

((20)(8,312)- (3707 )

2 

 )  _ 
C 	 1360 x 10 -5  5 _ 

 
2.1 2 x 109  

When these values are substituted, Equation 11-25 becomes the following: 

4= 1375 + 2(- 01578 )x + ((2)(0003846 )+ 002001 )x 2  + 2(- 00005126 )x 3  + 136 x 10 -5  x 4  

= 1375 - 03155 x+ 00277 x z   - 0001025 x 3  + 136 x 10 -5  x 4  
Table Y-4 summarizes the results when the PM CEMS response values for each test run are 
substituted into the above equation. 

Table Y-4. Values for ) 

Run 
no. 

P19 CEMS 
response, mA 

PM concentration, 
mg/acm xZ  x3  x°  

576 

3,336 

3,702 

7,164 

10,406 

14,963 

20,736 

109,720 

60,757 

37,330 

150,614 

195,223 

247,297 

) 

1 4.9 2.1 24.01 118 0.3817 

2 7.6 2.9 57.76 439 0.1727 

3 7.8 5.1 60.84 475 0.1634 

4 9.2 4.8 84.64 779 0.1162 

5 10.1 2.9 102.01 1,030 0.0995 

6 11.06 6.3 122.32 1,353 0.0906 

10 12.0 8.4 144.00 1,728 0.0884 

11 18.2 8.4 331.24 6,029 0.1202 

12 15.7 4.9 246.49 3,870 0.1084 

13 13.9 6.3 193.21 2,686 0.0960 

14 19.7 13.0 388.09 7,645 0.1204 

15 21.02 9.1 441.84 9,287 0.1162 

16 22.3 13.9 497.29 11,090 0.1092 

(continuecl) 
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Table Y-4. (continued) 

Run 
no. 

P-M CE31S 
response, mA 

P-M coucentration, 
mg/acm xZ  x3  x4  

337,340 

372,210 

) 

17 24.1 8.7 580.81 13,998 0.0985 

19 24.7 12.6 610.09 15,069 0.0959 

20 26.4 15.9 696.96 18,400 485,753 0.0960 

21 29.08 16.2 845.65 24,591 715,118 

737,005 

0.1417 

22 29.3 13.5 858.49 25,154 0.1492 

23 30.5 15.9 930.25 28,373 865,365 

1,200,361 

0.2046 

24  33.1 18.5 1,095.61 36 265 0.4312 

The minimum value for ) is 0.0884 and corresponds to Run 10. Using this value for ) m;n, the 
vahie for Sp  calculated previously, and the t statistic with n-3 degrees of freedom, you can 
calculate the confidence interval half range using Equation 11-27. 

CI = taf  ❑Sp  4,_(211)(1951) 00884 = 1223 

The confidence interval half range as a percentage of the emission limit is calculated using 
Equation 11-28 as follows: 

CI% =L x 100% = 1 204 
 x 100% = 612% 

The resulting value for CI% is 6.12 percent. Because this value is Iess thanl0 percent, the 
correlation satisfies the criterion for confidence interval half range. 

How do I determine the tolerance interval half range percentage for the polynomial correlation? 

To calculate the tolerance interval half range, the parameter iNmust be calculated using 
Equation 11-31 of PS-11. 

1 	1  
n' _ 	_ 	= 1131 

4,,,;n 	00884 

With iNrounded to the nearest integer (11), the values for the variables u N  and vdf  with n-3 
degrees of freedom are taken from Tab1e 1 of PS-11 and substituted into Equation 11-30 to 
determine kT : 

kT  = un , ❑v ~, = (1. 19 1(1.4 0 0) =1.673 

Using this value for kT  and the value for Sp calculated previously, the tolerance interval half 
range is calculated using Equation 11-29 as follows: 
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TI = kT '-'SP  = (1.673 )(1951) = 3263 

Finally, to determine the tolerance interval as a percentage of the emission limit (TI%), 
Equation 11-32 is used as follows: 

TI 	3263  
TI% =,L  x 100% = 20~ x 100% = 163% 

The resulting value for TI% is 16.3 percent. Because this value is less than 25 percent, the 
correlation satisfies the criterion for tolerance interval half range. In summary, the polynomial 
correlation developed from the data satisfies all of the criteria specified in PS-11. 

How do I develop a logarithmic correlation curve from the data? 

A logarithmic correlation curve is expressed as follows: 

~ = bo  + b,ln(x) = bo  + b,x ,  

Developing a logarithmic correlation entails following the same procedures used to develop a 
linear correlation. However, instead of using the PM CEMS response (x) values, the natural 
logarithm of the PM CEMS values (?Nvalues) are used in the calculations. Tab1e Y-5 
summarizes the test data, including the corresponding values of ?N 

Table Y-5. Data for Developing Logarithmic Correlation 

PM CEMS 
Run no. 	response, mA 

Logarithm of PM 
CEMS response 

x' =1n (x) 
PM concentration, 

mg/acm 

1 4.9 1.589 2.1 

2 7.6 2.028 2.9 

3 7.8 2.054 5.1 

4 9.2 2.219 4.8 

5 10.1 2.313 2.9 

6 11.06 2.403 6.3 

10 12 2.485 8.4 

11 18.2 2.901 8.4 

12 15.7 2.754 4.9 

13 13.9 2.632 6.3 

14 19.7 2.981 13 

15 21.02 3.045 9.1 

(continuecl) 
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Table Y-5. (continued) 

Run no. 
PM CEMS 

response, mA 

Logarithm of PM 
CEMS response 

x' = ln (x) 
PM concentration, 

mg/acm 
16 22.3 3.105 13.9 
17 24.1 3.182 8.7 
19 24.7 3.207 12.6 
20 26.4 3.273 15.9 
21 29.08 3.370 16.2 
22 29.3 3.378 13.5 
23 30.5 3.418 15.9 
24 33.1 3.500 18.5 

Following the same procedures described previously for developing a linear correlation cLirve, 
you can calculate values for the parameters G ~ and Pp, using Equation 11-5; S,,,, and S t,~„ using 
Equation 11-7; b l , using Equation 11-6; and b o, using Equation 11-4: 

x' = 
1
20  (1589 + 2028 + 2054 + K+3500 )= 279 

_ 1 

y 
 20 (21 + 29 + 51+ K+185 )= 947 

sx ,x , _ (1589 — 279 ) 2  + (2028 — 279 ) 2  + (2054 — 279 ) 2  + K+(350 — 279 ) 2  = 5.74 

sx ,y, _ (I589 — 279 )(21 — 947 ) + (2028 — 279 )(29 — 947 )+ K+ 

(350 — 279 )(I85 — 947 ) = 478 

478  
b — 	= 8323 

1 
 

5.74 
bo  = 947 — (8323 )(279 ) _ —13.77 

The resulting equation for the logarithmic correlation curve is 

~ = —13,8 + 832'-'ln(x) 

How do I determine the 1ogarithmic correlation coefficient? 

Determining the logarithmic correlation coefficient requires calculating the predicted PM 
concentration ( i) for each test run, the parameter S z, and the parameter S y  following the same 
procedure used to calculate the linear correlation coefficient. The only difference is that the 
predicted PM concentrations are calculated using the logarithmic correlation equation. 
Tab1e Y-6 shows the PM concentrations calculated using the logarithmic correlation coefficient. 
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Table Y-6. Predicted PM Concentrations for the Logarithmic Correlation 

Run no. 
PM CEMS 

response, mA 

Logarithm of PN1 
CEMS response 

x' =1n (x) 
PM concentration, 

mg/acm 
Predicted PM 

concentration ( i)e 

-0.539 1 4.9 1.589 2.1 

2 7.6 2.028 2.9 3.114 

3 7.8 2.054 5.1 3.330 

4.704 

5.481 

6.237 

4 9.2 2.219 4.8 

5 10.1 2.313 2.9 

6 11.06 2.403 6.3 

10 12 2.485 8.4 6.916 

11 18.2 2.901 8.4 10.382 

9.152 

8.139 

11.041 

12 15.7 2.754 4.9 

13 13.9 2.632 6.3 

14 19.7 2.981 13 

15 21.02 3.045 9.1 11.581 

16 22.3 3.105 13.9 12.073 

12.719 

12.924 

13.478 

17 24.1 3.182 8.7 

19 24.7 3.207 12.6 

20 26.4 3.273 15.9 

21 29.08 3.370 16.2 14.283 

22 29.3 3.378 13.5 14.345 

14.679 

15.360 

23 30.5 3.418 15.9 

24 33.1 3.500 18.5 

a Calculated using the logarithmic correlation equation: i=! 13.8 + 8.32@Vn(x). 

With the values for i shown in Table Y-6, the calculation for S L  is as follows: 

Sz   = ~ (20 1  2)  ((- 0539 - 21)' + (3.114 - 29 )
2 
 + K+(1536 - 185 )' ) = 2305 

The vah.ie for S y  is the same as was calculated for the linear correlation (5.095). Substituting the 
values for S L  and Sy  into Equation 11-14, the logarithmic correlation coefficient is 

(2.3 0 )  
r = 1- (5.09 

~ 
 = 0892 

5 

The logarithmic correlation coefficient (0.892) is greater than the minimum value specified by 
PS-11 (0.85) and is acceptable. 
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How do I determine the confidence interval half range percentage for the logarithmic 
correlation? 

The confidence interval half range for the logarithmic correlation is determined using the same 
procedures used for the linear correlation. Substituting the value for S L  calculated above (2.305) 
and the same value for the t-statistic (2.101) used for the linear correlation, Equation 11-8 yields 

CI = (2101)(2305 )20  = 1.083 

The emission limit in this example is 20.0 mg/acm. To determine CI as a percentage of the 
emission limit, Equation 11-10 is used as follows: 

1.083  
20 

x100%=5.41% 

The resulting value for CI% is 5.41 percent. Because this value is Iess than 10 percent, the 
correlation satisfies the criterion for confidence interval half range. 

How do I determine the tolerance interval half range percentage for the logarithmic correlation? 

The tolerance interval half range for the logarithmic correlation is determined using the same 
procedures used for the linear correlation. Substituting the value for S L  calculated above (2.305) 
and the same value for the k T  used for the linear correlation (1.629), Equation 11-11 yields 

TI = (1_629)(2305)= 3_75 

The emission limit in this example is 20.0 mg/acm. To determine TI as a percentage of the 
emission limit, Equation 11-13 is used as follows: 

3.75  
x 100% = 188% 

200 

The resulting value for TI% is 18.8 percent. Because this value is less than 25 percent, the 
correlation satisfies the criterion for confidence interval half range. 

How do I develop an exponential correlation curve from the data? 

An exponential correlation curve is expressed as follows: 

~ = b0  e b '` 

To develop an exponential correlation curve, follow the same procedures used to develop a 
linear correlation curve. However, instead of using the PM CEMS concentrations (y) values, use 
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the natural logarithm of the PM CEMS concentrations (yNvalues) to perform the calculations. 
Table Y-7 summarizes the test data, including the corresponding values of yN 

Table Y-7. Transformed Data for Developing Exponential Correlation 

Run no. 
PM CEMS 

response, mA 
PM concentration, 

mg/acm 

Logarithm of PM 
CEMS response 

y' = ln (y) 
1 4.9 2.1 0.742 

2 7.6 2.9 1.065 

3 7.8 5.1 1.629 

4 9.2 4.8 1.569 

5 10.1 2.9 1.065 

6 11.06 6.3 1.841 

10 12 8.4 2.128 

11 18.2 8.4 2.128 

12 15.7 4.9 1.589 

13 13.9 6.3 1.841 

14 19.7 13 2.565 
15 21.02 9.1 2.208 

16 22.3 13.9 2.632 

17 24.1 8.7 2.163 

19 24.7 12.6 2.534 

20 26.4 15.9 2.766 

21 29.08 16.2 2.785 
22 29.3 13.5 2.603 

23 30.5 15.9 2.766 

24 33.1 18.5 2.918 

Following the same procedures described previously for developing a linear correlation curve, 
calculate values for the parameters G andW using Equation 11-5; S xX  and Sx,~ using 
Equation 11-7; b IN using Equation 11-6; and bn using Equation 11-4: 

x=20 (4.9+7.6+7.8+K+331)=1853 

_ 	1 

y 	
20 (0.742 + 1.065 + 1.629 + K+2918 )= 2077 

S~ = ((49 - 1853 ) z   + (76 - 1853 ) z  + K+(331 - 1853 )2 )= 14422 

S,,, = ((49 - 1853 )(0.742 - 2077 ) + (76 - 1853 )(1.065 - 2077 )+ K+ 

(331 - 1853 )(2918 - 2077 )) = 9658 
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9658  

bi 14422 — 00670 

bo = 2077 — (00670 )(1853 ) = 08357 

The resulting equation is expressed in the following form: 

bo+blx 

For this example, the correlation equation becomes 

~ ' = 0.836+ 0.0670c 

Converting this to the format that yields the predicted PM concentration in the correct units 
entails taking the exponential of each side of the equation, as follows: 

Exp(fl= Exp(08357 +00670x) 

~ = 2.3 le0.0670x 

In the resulting correlation equation, the coefficient 2.31 is simply the exponential of bj\l 

How do I determine the exponential correlation coefficient? 

Determining the exponential correlation coefficient requires calculating the predicted PM 
concentration ( iN) for each test run, the parameter S, and the parameter S N  following the same 
procedure used to calculate the Iinear correlation coefficient. Tab1e Y-8 shows the PM 
concentrations calculated using the linear form (i.e., iN = bp + b~e) of the exponential 
correlation equation. 

Table Y-8. Predicted PM Concentrations Using Exponential Correlation Equation 

Run no. 
PM CEMS response, 

mA 
PM concentration, 

mg/acm 

Logarithm of PM 
CEMS response 

y' = ln (y) 
Predicted PM 

concentration ( i"a 
1 4.9 2.1 0.742 

1.065 

1.629 

1.569 

1.065 

1.841 

2.128 

2.128 

1.589 

1.164 

2 7.6 2.9 1.345 

3 7.8 5.1 1.358 

4 9.2 4.8 1.452 
5 10.1 2.9 1.512 

6 11.06 6.3 1.576 

10 12 8.4 1.639 

11 18.2 8.4 2.055 
12 15.7 4.9 1.887 

(continuecl) 
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Table Y-8. (continued) 

Run no. 
PM CEMS response, 

mA 
PM concentration, 

mg/acm 

Logarithui of PVl 
CEMS response 

y' =1n (y) 
1.841 
2.565 
2.208 
2.632 
2.163 
2.534 
2.766 
2.785 
2.603 
2.766 
2.918 

Predicted PM 
concentration ( iN)' 

13 13.9 6.3 1.767 
14 19.7 13 2.155 
15 21.02 9.1 2.243 
16 22.3 13.9 2.329 
17 24.1 8.7 2.450 
19 24.7 12.6 2.490 
20 26.4 15.9 2.604 
21 29.08 16.2 2.783 
22 29.3 13.5 2.798 
23 30.5 15.9 2.878 
24 33.1 18.5 3.052 

a Calculated using the exponential correlation equation: iN= 0.836 + 0.067x. 

Using the values for iNshown in Table Y-8, calculate S z  as follows: 

Sz   — ~ 	1  (20  2)  ~(1.164 — 0.742 ~~ + (1345 — 1.065 ~ 2  + K+(3052 — 2918 ~ 2 )  = 0278 

The value for S N  is determined using Equation 11-15 with the values for yN substituted for the 
values of y, as follows: 

S  — ((0742 — 2077 ) z   + (1.065 — 2077 ) z   + K+(2918 — 2077  )z  ) 
 — 0.643 ~ 	 (20 — 1) 

Substitute the values for S L  and S N into Equation 11-14 to calculate the exponential correlation 
coefficient: 

(0.27 ~ 2  
r= 1— 	z  =0.902 

(0643 ~ 

The exponential correlation coefficient (0.902) is greater than the minimum value specified by 
PS-11 (0.85) and is acceptable. 

How do I determine the confidence interval half range percentage for the exponential 
correlation? 

The confidence interval half range for the exponential correlation is determined using 
Equation 11-8, which is the same equation used to calculate the confidence interval half range 
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for linear correlations. Because the confidence interval half range is calculated on the log scale, 
it is designated as ClN for the exponential model. Using Equation 11-8, CN is calculated as 
follows: 

CI' = tdf  1_al2CSL j  =(2101)(0278 )F
~O 

 = 0.1307 

The lower confidence limit (LCI1\~ and upper confidence limit (UCI1\~ are calculated using 
Equations 11-40 and 11-41, respectively' 

LCIN =(~W- CN = 2.077 - 0.13 07 = 1. 946 

UCIN=(~W+ CN= 2.077 + 0.1307 = 2.207 

Next, the confidence interval half range (CI) must be calculated on the original PM 
concentration scale using Equation 11-42 from PS-11 

CI = 
(
e

UCL' _ 
e

LCL') 	(
e

2.207 _ 
e

1.946) 

= 1.045 
2 
	

2 

The confidence interval as a percentage of the emission limit is calculated using Equation 11-10 
as follows: 

1.045 
CI% = 	x 100% = 523% 

20 

The resulting value for CI% is 5.23 percent. Because this value is less than 10 percent, the 
correlation satisfies the criterion for confidence interval half range. 

How do I determine the tolerance interval half range percentage for the exponential correlation? 

The tolerance interval half range for the exponential correlation also is calculated using the same 
procedure as is used for linear models. Because it is calculated on the 1og scale, it is denoted 
here as Tnl Using Equation 11-11, TNis calculated as follows: 

TIN= k,@Sz  = (1.629)(0.278) = 0.453 

The lower tolerance limit (LTLI~) and upper tolerance limit (UTI1\~ are calculated using 
Equations 11-43 and 11-44, respectively 

LTLN = ~N - TN = 2.077 - 0.45 3= 1.624 

UTLN= ~N+ TN= 2.077 + 0.453 = 2.530 

i  The equations presented in this section for exponential and power models correspond to the arnended 
version of PS-1 l, which was not yet published at the time this was prepared. 
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Next, the tolerance interval half range (TI) must be calculated on the original PM concentration 
scale using Equation 11-45 from PS-11 

(
e

UTL' — 
e

LTL' ) — (
e

2.53 — 

L 
1.624 ) — 

TI= 	2 	— 	2 	—3.74 

The tolerance interval as a percentage of the emission limit is calculated using Equation 11-13 as 
follows: 

3.74  

	

TI % = 	x 100% = 187% 
20 

The resulting vah.ie for TI% is 18.7 percent. Because this value is less than 25 percent, the 
correlation satisfies the criterion for confidence interval half range. In summary, the exponential 
model satisfies the PS-11 criteria for correlation coefficient, confidence interval half range 
percentage, and tolerance interval half range percentage. 

How do I develop a power correlation curve from the data? 

A power correlation curve has the following form: 

~ = box."  

Developing a power correlation requires transforming both the PM CEMS response (x) values, 
as described previously for a logarithmic correlation, and the PM concentration (y) values, as 
was described above for an exponential correlation. The procedures used to develop a linear 
correlation are then followed using the transformed values for x and y. Table Y-9 shows the test 
data and transformed values that must be used. 

Table Y-9. Summary of Test Data and Transformed Values for 
Developing Power Correlation 

PM CEMS response, 
Run no. 	inA 

Logarithm of PM 	 Logarithm of PM 
CEMS response 	PM concentration, 	CEMS response 

x' =1n (x) 	 mg/acin 	 y' =1n (y) 

1 4.9 1.589 2.1 0.742 

2 7.6 2.028 2.9 1.065 

3 7.8 2.054 5.1 1.629 

4 9.2 2.219 4.8 1.569 

5 10.1 2.313 2.9 1.065 

6 11.06 2.403 6.3 1.841 

10 12 2.485 8.4 2.128 

11 18.2 2.901 8.4 2.128 

(continuecl) 
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Table Y-9. (continued) 

Run no. 
PM CEMS response, 

mA 

Logaritlini of P~1 
CEMS response 	PM concentration, 

x' =1n (x) 	 mg/acm 

Logaritlim of PM 
CEMS response 

y' = ln (y) 
12 15.7 2.754 4.9 1.589 
13 13.9 2.632 6.3 1.841 
14 19.7 2.981 13 2.565 
15 21.02 3.045 9.1 2.208 
16 22.3 3.105 13.9 2.632 
17 24.1 3.182 8.7 2.163 
19 24.7 3.207 12.6 2.534 
20 26.4 3.273 15.9 2.766 
21 29.08 3.370 16.2 2.785 
22 29.3 3.378 13.5 2.603 
23 30.5 3.418 15.9 2.766 
24 33.1 3.500 18.5 2.918 

Following the same procedures described previously for developing a linear correlation curve, 
calculate values for the parameters G ~ and W using Equation 11-5; S NN  and S. using 
Equation 11-7; b IN using Equation 11-6; and bN using Equation 11-4: 

x 20  (1589 + 2028 + 2054 + K+35) = 2792 

_ 	1 

y 	
20 (0.742 + 1.065 + 1.629 + K+2918 )= 2077 

sx ,x, = ((1589 — 2792 )' + (2028 — 2792 ) ~ + K+(350 — 2792 )+ 5.74 

sx ,y , = (1588 — 2792 )(0742 — 2077 ) + (2028 — 2792 )(1.065 — 2077 )+ K+ 

(350 — 2792 )(2918 — 2077 ) = 622 

6.22  
b — 	= 10839 

1 
 

5.74 
bo = 2077 — (1.0839 )(2792 ) _ —09492 

The resulting equation is expressed in the following form: 

~ '=b , +b ,x ,  
0 	1 

For this example, the correlation equation becomes 

~ ' = —09492 + 1084 x' 

Converting this to the format that yields the predicted PM concentration in the correct units 
entails taking the exponential of each side of the equation, as follows: 
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Exp( i4 = Exp(-0.9492 + 1.084A4 

i = 0.387x 1.014  

In this equation, the coefficient 0.387 is the exponential of -0.9492, the value for bp 

How do I determine the power correlation coefficient? 

To determine the power correlation coefficient, the predicted PM concentration ( iN) must be 
calculated for each test run. Tab1e Y-10 shows the predicted PM concentrations calculated using 
the linear form (i.e., iN= bp + bpM\~ of the power correlation equation. 

Table Y-10. Predicted PM Concentrations Using the Power Correlation Equation 

Run no. 
PM CEMS 

response, mA 

Logaritlun of PM 
CEMS response 

x' = ln (x) 

PM 
concentration, 

mg/acm 

Logarithin of PXq 
CEMS response 	Predicted PM 

y' = ln (y) 	concentration ( iN)' 
1 4.9 1.589 2.1 0.742 0.773 

2 7.6 2.028 2.9 1.065 1.249 

3 7.8 2.054 5.1 1.629 1.277 

4 9.2 2.219 4.8 1.569 1.456 

5 10.1 2.313 2.9 1.065 1.557 

6 11.06 2.403 6.3 1.841 1.656 

10 12 2.485 8.4 2.128 1.744 

11 18.2 2.901 8.4 2.128 2.196 

12 15.7 2.754 4.9 1.589 2.035 

13 13.9 2.632 6.3 1.841 1.903 

14 19.7 2.981 13 2.565 2.281 

15 21.02 3.045 9.1 2.208 2.352 

16 22.3 3.105 13.9 2.632 2.416 

17 24.1 3.182 8.7 2.163 2.500 

19 24.7 3.207 12.6 2.534 2.527 

20 26.4 3.273 15.9 2.766 2.599 

21 29.08 3.370 16.2 2.785 2.704 

22 29.3 3.378 13.5 2.603 2.712 

23 30.5 3.418 15.9 2.766 2.755 

24  33.1 3.500 18.5 2.918 2.844 

a Calculated using the exponential correlation equation: iN= ! 0.9492 + 1.084 ~N 
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The parameter S L  is calculated using Equation 11-9 with the predicted values ( i4 given in the 
above table, and the parameter S N  is calculated following the same procedure used for the 
exponential correlation coefficient, as follows: 

SL   — ~(20
1 

 2) ((0.773 — 0.742 ) z   + (1249 — 1.065 ) z  + K+(2844 — 2918 )z ) = 0249 

S  =  ((0.742 — 2077 ) z   +  (1065 — 2077 ) 2 +K+(2918 — 2077  )z ) 
 — 0.643 

' 	 20 — 1 

Substituting the values for S z  and S N into Equation 11-14, the power correlation coefficient is 

(0.24) 2  
r = 1— 	z  = 0.922 

(0.6 4 ~l 

The correlation coefficient for the power model(0.922) is greater than the minimum value 
specified by PS-11 (0.85) and is acceptable. 

How do I determine the confidence interval half range percentage for the power correlation? 

The confidence interval half range for the power correlation is determined using the same 
procedures used for the exponential correlation. Because the confidence interval half range is 
calculated on the log scale, it is designated as ClN for the exponential model. Using 
Equation 11-8, CNis calculated as follows: 

CI ' = (2101)(0249 )20  = 0.117 

The lower confidence limit (LCI1\~ and upper confidence limit (UCI1\~ are calculated using 
Equations 11-40 and 11-41, respectively 

LCLN =(~W - CN = 2.077 - 0.117 = 1.96 

UCLN= ~N+ CN= 2.077 + 0.117 = 2.194 

Next, the confidence interval half range (CI) must be calculated on the original PM 
concentration scale using Equation 11-42 from PS-11 

~ UCL  _ ~ LCL' 	~ 2.194 _ ~ 196 

CI= ( 	2 	 ) _ ( 	2 	) =0936 
The confidence interval as a percentage of the emission limit is calculated using Equation 11-10 
as follows: 
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0936  
CI% = 	x 100% = 468% 

20 

The resulting value for CI% is 4.68 percent. Because this value is less than 10 percent, the 
correlation satisfies the criterion for confidence interval half range. 

How do I determine the tolerance interval half range percentage for the power correlation? 

The tolerance interval half range for the power correlation also is calculated using the same 
procedure used for the exponential model. Because it is calculated on the log scale, it is denoted 
here as Tnl Using Equation 11-11, TNis calculated as follows: 

TIN= kl@SL = (1.629)(0.249) = 0.406 

The lower tolerance limit (LTLI~) and upper tolerance limit (UTI1\~ are calculated using 
Equations 11-43 and 11-44, respectively 

LTLN = ~N - TN = 2.077 - 0.406 = 1.671 

UTLN = ~N + TN = 2.077 + 0.406 = 2.483 

Next, the tolerance interval half range (TI) must be calculated on the original PM concentration 
scale using Equation 11-45 from PS-11 

~ UZLI _ ~ LZL' 	
e

2.4s3 _ 
e

1671 TI= ( 	 ) _( 	 ~ =3.327 
2 	2 

The tolerance interval as a percentage of the emission limit is calculated using Equation 11-13 as 
follows: 

3327  TI% = 	x 100% = 166% 
20 

The resulting value for TI% is 16.6 percent. Because this value is less than 25 percent, the 
correlation satisfies the criterion for confidence interval half range. In summary, the power 
model satisfies the PS-11 criteria for correlation coefficient, confidence interval half range 
percentage, and tolerance interval half range percentage. 

Which model is the best fit for the data? 

Table Y-11 summarizes the results of the analysis for all of the correlation models. As indicated 
in the table, all five models met the acceptance criteria specified in Section 13.2 of PS-11. The 
linear model had the highest correlation coefficient and would be considered the best fit for the 
data. However, any of the models could be used to show compliance. The complete output for 
the spreadsheet for this example is provided in Appendix A.1. 
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Table Y-11. Summary of Results for Facility A Correlation Test 

Correlation 
Model type 	Correlation equation 	coefficient (r) 

Confidence 
interval half 

range 
# 10% 

I 	Tolerance 
I interval half 

range 

Acceptance Criteria for PS-11 $ 0.85 # 25% 

Linear i=-0.621 + 0.544x 0.927 4.49% 15.6% 

Polynomial i= 0.420 + 0.406x + 0.00368 xz 0.924 6.12% 16.3% 

Logarithmic i=-13.8 + 8.32Ln(x) 0.892 5.41% 

5.23% 

4.68% 

18.8% 

Exponential i= 2.31e0.0670x 0.902 18.7% 

Power i= 0.387x 108  0.922 16.6% 

Y.2 EXAMPLE 2: HOW DO I DEVELOP A CORRELATION WITH PAIRED SAMPLING 
TRAIN DATA? 

Y.2.1 Correlation Test Scenario 

A correlation test is performed on an incinerator at Facility B. The incinerator is equipped with 
an in situ PM CEMS that responds to PM concentrations at actual conditions. The emission 
limit, when converted to units that are consistent with the PM CEMS sampling conditions, is 
24.3 mg/acm. Fifteen test runs are performed using Method 5i with paired sampling trains 
(Train A and Train B). No problems were reported for the test. Tab1e Y-12 summarizes the 
correlation test data. Figure Y-2 shows a plot of the data. 

Table Y-12. Summary of Correlation Test Data for Facility B 

Run no. 
PM CEMS 

response, mA 

PM concentration, mg/acm 

Sampling Train A 	Sampling Train B 

1.3 	 1.2 1 6.4 

2 7.5 2.3 2.5 

2.8 3 11.2 2.5 

4 16.4 7.7 7.9 

12.5 5 29.9 12.9 

6 22.2 7.8 7.3 

5.9 7 19.5 5.8 

8 27.4 11.7 12.0 

20.9 9 32.8 20.4 

10 26.5 20.9 21.3 

22.6 11 33.5 22.3 

12 28.1 18.4 17.58 

3.9 13 9.6 3.7 

14 5.3 4.2 4.3 

7.1 15 18.1 6.8 
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Figure Y-2. Plot of correlation test data for Facility B. 

Should I average the two PM concentrations for each test run? 

You should not average the two PM concentrations for any of the test runs. Instead, you should 
treat each PM concentration as a separate data point, as specified in Section 12.3 of PS-11. This 
means that for each run, the data set includes two PM concentrations and one PM CEMS 
response value. In other words, the correlation should be developed as if there were 30 test nins 
with one PM concentration for each run. Tab1e Y-13 shows the data in the form that should be 
used for developing the correlation. 

Before proceeding with the correlation, paired sampling train data should be checked for 
precision and bias. Guidance on precision and bias is provided separately. For this example, it 
is assumed that the data meet the criteria of precision and bias and are acceptable. 
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Table Y-13. Paired Sampling Train Test Data in Format 
for Developing Correlation 

Run No. 
PM CEMS Response, 	PM Concentration, 

mA 	 mg/acm 

1 A 6.4 1.3 

1B 6.4 1.2 

2A 7.5 2.3 

2B 7.5 2.5 

3A 11.2 2.5 

3B 11.2 2.8 

4A 16.4 7.7 

4B 16.4 7.9 

5A 29.9 12.9 

5B 29.9 12.5 

6A 22.2 7.8 

6B 22.2 7.3 

7A 19.5 5.8 

7B 19.5 5.9 

8A 27.4 11.7 

8B 27.4 12.0 

9A 32.8 20.4 

9B 32.8 20.9 

l0A 26.5 20.9 

lOB 26.5 21.3 

11A 33.5 22.3 

11B 33.5 22.6 

12A 28.1 18.4 

12B 28.1 17.8 

13A 9.6 3.7 

13B 9.6 3.9 

14A 5.3 4.2 

14B 5.3 4.3 

15A 18.1 6.8 

15B 18.1 7.1 
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What are the results of the correlation anal 

Tab1e Y-14 summarizes the results of the analysis. The complete output for the spreadsheet for 
this example is provided in Appendix A.2. 

Table Y-14. Summary of Results for Facility B Correlation Test 

Confidence 
Correlation 	interval half 

Model type 	Correlation equation 	coefficient (r) 	range 

Tolerance 
interval half 

range 

Acceptance Criteria for PS-11 $ 0.85 # 10% # 25% 

Linear i=-3.24 + 0.672x 0.895 4.98% 20.0% 

Polynomial i= 2.85 - 0.173x + 0.0220 x2 
 0.919 5.91% 18.0% 

Logarithmic i=-17.7 + 9.81Ln(x) 0.822 6.37% 25.6% 

Exponential i= 1.43e0.082sx 0.921 3.80% 15.9% 

Power i= 0.201xi-2
' 0.892 4.41% 18.7% 

Which model should I use? 

A11 of the models except the logarithmic model satisfy the acceptance criteria for PS-11. The 
logarithmic model fails to meet the minimum allowable correlation coefficient of 0.85. In 
addition, the tolerance interval half range percentage for the logarithmic model exceeds the 
allowable percentage of 25 percent. Based on the correlation coefficient, the exponential model 
is the best fit. However, the linear, polynomial, and power models could also be used. 

Y.3 EXAMPLE 3: HOW DO I DEVELOP THE INITIAL CORRELATION? 

Y.3.1 Correlation Test Scenario 

A correlation test is performed on a hazardous waste incinerator at Facility C. The incinerator is 
equipped with an extractive PM CEMS that extracts and heats the samples to 121°C (250°F). 
The incinerator is subject to 40 CFR 63, subpart EEE, and must meet an emission limit of 
34.0 mg/dscm corrected to 7 percent oxygen. Fifteen test runs are performed using a Method 5 
sampling train. The average stack gas pressure, moisture content, and oxygen content during the 
test were 760 millimeters of inercury, 12 percent moisture, and 10 percent oxygen, respectively. 
No problems were reported for the test, and all data points wi11 be used for the correlation. 
Tab1e Y-15 summarizes the correlation test data. Figure Y-3 shows a plot of the data. 
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Table Y-15. Summary of Correlation Test Data for Facility C 

Run no. PM CEMS response, mA PM concentration, mg/acm 

1 5.8 3.5 

2 7.6 9.0 

3 7.8 7.8 

4 16.4 25.2 

5 10.1 16.6 

6 11.1 14.3 

7 12.0 19.6 

8 13.2 20.1 

9 15.7 23.4 

10 17.6 26.7 

11 21.7 26.8 

12 21.0 28.9 

13 22.3 25.7 

14 24.1 26.2 

15 1 	 24.7 1 	 26.2 

Figure Y-3. Plot of correlation test data for Facility C. 
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Do I need to convert the emission limit to other units for determining compliance with PS-11? 

As indicated in Section 13.2 of PS-11, you must convert the emission limit to units that are 
consistent with the measurement conditions of your PM CEMS. For this example, you must 
convert the emission limit, which is specified in units of mg/dscm at 7 percent oxygen, to match 
the conditions under which the PM CEMS is operating. The following calculations show this 
converslon: 

x T"  x  Psra  x 	
1 	x 	139  

~S ~[ 7%Oz  = ~q 	Tstd 	Pq 	' ~~'' 	Y12C ~ 	 o ~ l _ 	 ; ', (209 — /002
) 

 
=' 	100ri 

where 

CsCa,,-,o,00 z  = PM concentration at standard conditions, corrected to 7 percent oxygen 
Ta 	= stack gas temperature at actual conditions, °K 
Tsta 	= stack gas temperature at standard conditions = 293°K 
Psta 	= stack gas pressure at standard conditions = 760 mm of Hg 
Pa 	= stack gas pressure at actual conditions, mm of Hg 
mc 	= stack gas moisture content, % 
%Oz 	= stack gas oxygen content, %. 

(121 + 273) ~ 760~ ~ 	1 — 	139  
340=C~

x 	x i 	x, 	x 
293 	~~ 76(~ ~~ _ 12 	(209 — 10 ~ 

100'—:' 
340 = 195 C, 

C,=1745 

The emission limit in units of concentration at the operating conditions of the PM CEMS is 
17.45 mg/acm. This is the value that must be used for determining the confidence and tolerance 
interval half range percentages. 

What are the results of the correlation analvsis? 

Table Y-16 summarizes the results of the correlation analysis. Only the logarithmic model 
satisfies all of the acceptance criteria for PS-11. The correlation coefficient for the exponential 
model (0.812) fails to meet the minimum allowable value of 0.85. The confidence and tolerance 
interval half range percentages for the linear model (11.3 and 35.6 percent, respectively) exceed 
the limits of 10 and 25 percent, respectively. For the power model, the confidence interval 
(14.3 percent) and tolerance interval (46.4 percent) half range percentages also exceed the 
maximum allowable values. 
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Table Y-16. Summary of Results for Facility C Correlation Test 

Correlation 
Model type 	Correlation equation 	coefficient (r) 

Coufidence 
interval half 

range  

# 10% 

Tolerance 
interval half 

range  

Acceptance Criteria for PS-11 $ 0.85 # 25% 

Linear i= 2.27 + 1.15x 0.898 11.3% 35.6% 

Polynomial i=-18.4 + 4.30x - O.101x' 0.987 5.56% 13.4% 

Logarithmic i=-24.4 + 16.8Ln(x) 0.959 7.32% 

19.9% 

14.3% 

23.1% 

Exponential i= 5.26e0.0785x 0.812 66.5% 

Power i= 0.747x1 20  0.908 46.4% 

The polynomial model has the highest correlation coefficient (0.987) and meets the criteria for 
confidence and tolerance interval half range percentages. However, Section 12.4(3) of PS-11 
specifies that the maximum value for a polynomial correlation curve must occur at a PM CEMS 
response value that is at least 1.25 times the highest PM CEMS response value used to develop 
the correlation equation. In this example, the maximum PM CEMS response value is 24.7 mA, 
and the maximum value for the correlation curve must occur at a PM CEMS response value of at 
least 32.4 mA (24.7 X 1.25 = 30.88). However, the maximum value for the polynomial 
correlation curve occurs at 21.2 mA, as is evident from Figure Y-4. Therefore, the polynomial 
model cannot be used. The complete output for the spreadsheet for this example is provided in 
Appendix A.3. 

Plot of Polynomial Regression Curve 
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PM CEMS Response, mA 

Figure Y-4. Plot of polynomial correlation curve for Facility C. 
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Y.4 EXAMPLE 4: WHAT CAN I DO IF MY PM CEMS FAILS THE CORRELATION 
TEST? 

Y.4.1 Correlation Test Scenario 

A correlation test is performed on a boiler at Facility D. The boiler is equipped with an in situ 
PM CEMS that responds to PM concentrations at actual conditions. The emission limit, when 
converted to units that are consistent with the PM CEMS sampling conditions, is 18.5 mg/acm. 
The correlation test consists of 15 test runs using a single Method 5 sampling train. Tab1e Y-17 
summarizes the correlation test data. Figure Y-5 shows a plot of the data. 

Table Y-17. Summary of Test Data for Facility D 

PM CEMS response, 
Run no. 	 mA 

PM concentration, 
mg/acm 

1 6.7 3.1 

2 7.6 7.4 

3 7.8 2.1 

4 9.2 3.7 

5 10.1 6.1 

6 11.1 2.8 

7 12.0 4.9 

8 18.2 8.3 

9 13.7 4.5 

10 14.6 8.2 

11 19.7 13.0 

12 18.0 11.1 

13 20.3 11.9 

14 20.2 10.6 

15 19.7 9.2 
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Figure Y-5. Plot of correlation test data for Facility D. 

The results of the correlation analysis are summarized in Table Y-18. None of the models satisfy 
all of the correlation criteria specified in PS-11. Although all of the models meet the criteria for 
confidence and tolerance interval half range percentages, only the polynomial model has an 
acceptable correlation coefficient. However, the polynomial correlation curve has a minimum x 
value of 7.05 that is greater than the minimum PM CEMS response (6.7 mA for Run 1) value 
used to develop the correlation curve. As stated in Section 12.4(3)(iii) of PS-11, a polynomial 
correlation curve cannot be used if it has a minimum value that exceeds the minimum PM- 
CEMS response value used to determine the correlation curve. Consequently, the polynomial 
correlation also is unacceptable. 

Table Y-18. Results of Initial Correlation for Facility D 

Confidence 
Correlation 	interval half 

Model type 	Correlation equation 	coefficient (r) 	range 

Tolerance 
interval half 

range 

Acceptance Criteria for PS-11 $ 0.85 # 10% # 25% 

Linear i=-1.20 + 0.598x 0.841 5.80% 18.3% 

Polynomial i= 6.19 - 0.615 + 0.0436xz  0.855 7.68% 18.2% 

Logarithmic i=-11.8 + 7.37Ln(x) 0.801 6.41% 20.2% 

Exponential i= 1.69e0.0934z 0.806 6.41% 21.3% 

Power i= 0.308x117  0.782 6.76% 22.6% 
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Several options are available for meeting the requirements of PS-11, including the following: 

■  Repeat the correlation test: If you suspect problems with the manual sampling or the 
operation of the PM CEMS, you may want to discard a11 of the test data and conduct 
a new correlation test. In such a case, there must be a valid reason for rejecting the 
entire data set. For example, you determine that several of the PM samples were 
contaminated. You sti11 must report all of the rejected data. 

■  Conduct additional test runs. You may want to conduct a limited number of 
additional test nins (e.g., five additional runs) if it appears that some of the data are 
outliers, problems are suspected for some of the runs, or the range of PM 
concentrations measured was not adequate to fu11y characterize the correlation. In 
this case, you can develop the correlation based on all of the data (i.e., the initial 15 
runs plus the additional runs), or you can reject some of the test nins, provided you 
meet the requirements of Section 8.6(3) of PS-11, which allows you to reject up to 
five test runs without explanation and additional runs if the basis for rejecting them is 
specified in the test method, in PS-11, or in your quality assurance p1an. 

■  Relocate the PM CEMS and conduct a new correlation test: If the sampling location 
is not ideal(e.g., PM concentrations are stratified across the stack at the sampling 
point), you may want to consider relocating the PM CEMS to another location that is 
more suitable. In this case, you must conduct a fu11 correlation test (i.e., at least 15 
valid test runs). 

■  Replace the PM CEMS: Certain types of PM CEMS may not be suitable for specific 
stack gas conditions (e.g., an in situ light scattering instrument in a wet stack). If that 
is the case, you may decide to install a PM CEMS that uses a different measurement 
principle. If so, you must conduct a fu11 correlation test with the new instrument. 

■  Consider alternative solutions: Section 12.4(4) allows you to petition the regulatory 
authority for approval of alternatives to the correlation requirements of PS-11. 

For this example, we wi11 assume that you decide to conduct five additional test runs. These 
nins are identified as Runs 16 to 20. Table Y-19 shows the results of the additional runs. Figure 
Y-6 shows the results of a1120 test runs. 

Table Y-19. Results of Additional Test Runs 

Run no. 
PV[ CEMS response, 	PM concentration, 

mA 	 mg/acm 

16 5.2 2.4 

17 8.6 4.8 

18 14.1 6.2 

19 14.5 7.0 

20 17.3 8.6 
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Figure Y-6. Plot of original 15 runs plus 5 additional runs for Facility D. 

Tab1e Y-20 shows the results of the correlation analysis on a1120 test nins. The analysis shows 
that the linear and polynomial models meet the correlation criteria of PS-11, and no further 
analyses or testing is required. With the additional data included, the minimum value for the 
polynomial correlation curve now occurs at 4.2 mA, which is less than the minimum PM CEMS 
value used to develop the curve (5.2 mA). However, a review of Figure Y-6 indicates that Run 2 
(7.4 mA, 7.4 mg/acm) may be an outlier. You may decide to repeat the correlation analysis with 
Run 2 excluded. Tab1e Y-21 shows the results of the analysis without the data from Run 2. In 
the revised analysis, a11 five models meet the criteria of PS-11. The correlation coefficients for 
the linear and polynomial models also are considerably greater for the revised analysis. You 
have the option of using the results of either analyses. In either case, the polynomial model 
provides the best fit; however, any of the models that satisfy all of the correlation criteria in PS- 
11 can be used. 

Table Y-20. Results of Revised Correlation Analysis with All 20 Runs 

Correlation 
Model type 	Correlation equation 	coefficient (r) 

Confidence 
interval half 

range 

# 10% 

Tolerance 
interval half 

range 

Acceptance Criteria for PS-11 $ 0.85 # 25% 

Linear i=-0.905 + 0.573x 0.861 4.25% 14.7% 

Potynomiat i= 3.94 - 0.263x + 0.0314x2 
 0.875 5.47% 14.4% 

Logarithmic i=-9.79 + 6.57Ln(x) 0.816 4.82% 16.7% 

Exponentiat i= 1.70e0.0935x 0.840 4.52% 16.3% 

Power i= 0.367xi ii  0.824 1 	4.73% 1 	17.0% 
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Table Y-21. Results of Revised Correlation Analysis with Run 2 Excluded 

Model type Correlation equation 
Correlation 

coefficient (r) 

Confidence 
interval half 

range 

# 10% 

Tolerance 
interval half 

range 

Acceptance Criteria for PS-11 $ 0.85 # 25% 

Linear i=-1.88 + 0.629x 0.912 3.63% 12.4% 

Polynomial i= 2.19 - 0.067x + 0.026x2 
 0.921 4.54% 

4.40% 

3.63% 

12.1% 

Logarithmic i=-11.7 + 7.24Ln(x) 0.867 15.0% 

Exponential i= 1.41eo.
' 04

z 0.909 12.6% 

Power i= 0.251x1-24  0.894 3.90% 13.6% 

The complete output of the spreadsheet for the initial correlation, the correlation with a11 five 
additional test runs, and the correlation with Run 2 excluded are provided in Appendices A.4 
through A.6. 
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Appendix A.1 

Complete Results of Example No. 1— 
Initial Correlation Test 
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CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA 
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Facility: Facility A 
Location: Anytown USA 
Emission Unit: Boiler No. 3 
Test Dates: March 6 to 15, 2004 

Value 	Units  
Emission limit: 20 	mg/acm 
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CALCULATIONS FOR LINEAR CORRELATION 

Facility: 	Facility A 	 Emission Unit: Boiler No. 3 
Location: Anytown USA 	 Test Dates: March 6 to 15, 2004 

Run 

PM CEMS 
response 

PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS 

x y (x; x) (Y~ Y) (x~ x)(Y~ Y) Y" (Y"~ Y~) 

1 4.9 2.1 185.86 54.32 100.48 2.047 0.003 
2 7.6 2.9 119.53 43.16 71.83 3.517 0.381 
3 7.8 5.1 115.20 19.10 46.90 3.626 2.172 
4 9.2 4.8 87.10 21.81 43.59 4.388 0.169 
5 10.1 2.9 71.12 43.16 55.40 4.878 3.914 
6 11.06 6.3 55.85 10.05 23.69 5.401 0.808 
10 12 8.4 42.68 1.14 6.99 5.913 6.185 
11 18.2 8.4 0.11 1.14 0.36 9.289 0.790 
12 15.7 4.9 8.03 20.88 12.95 7.928 9.166 
13 13.9 6.3 21.46 10.05 14.69 6.947 0.419 
14 19.7 13 1.36 12.46 4.12 10.105 8.379 
15 21.02 9.1 6.19 0.14 -0.92 10.824 2.973 
16 22.3 13.9 14.19 19.62 16.69 11.521 5.660 
17 24.1 8.7 30.99 0.59 -4.29 12.501 14.448 
19 24.7 12.6 38.03 9.80 19.30 12.828 0.052 
20 26.4 15.9 61.89 41.34 50.58 13.753 4.608 
21 29.08 16.2 111.24 45.29 70.98 15.213 0.975 
22 29.3 13.5 115.93 16.24 43.39 15.332 3.357 
23 30.5 15.9 143.21 41.34 76.95 15.986 0.007 
24 33.1 18.5 212.20 81.54 131.54 17.401 1.207 

Page 1 of 1 
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RESULTS OF LINEAR CORRELATION 

Facility: 	Facility A 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 20 
x~ x~ = 1/n*(Sum of (~ }) = 18.53 

SXX SXX = Sum((x~ x~ )^2) = 1,442 
y~ y~ = 1ln*(Sum of (y; )) = 9.47 
S yy  S yy  = Sum((y ;-y~ )^2) = 493 
SXy  SXy  = Sum((x~ x~)(Y~ Y~)) = 785.2 
bo  bo  = y~-b~x~ _ -0.621 
b ~ b~ = SXy/SXX  = 0.544 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y ; )^2)) = 1.910 

Y^mean y^ at mean x value = 9.470 
tf  tf  from table = 2.101 

CI CI = t~*S ~*SQRT(1ln) = 0.897 
EL Emission Limit = 20.0 

CI% CI% =C1/EL*100% = 4.49% 
n' n'=n= 20 
vf  vf  from table = 1.384 
u n ~ u n , from table = 1.177 
kT  kt  = un'*vf = 1.629 
TI TI = kt*S~ = 3.111 

TI% TI% = TI/EL*100% = 15.6% 
Sy  Sy  = SQRT(S yy/(n-1)) = 5.095 

= 1-(S~^2/Sy^2) = 0.859 
r r = SQRT((1-S ~^2/Sy^2)) = 0.927 

* Indicates correlation coefficient is undefined.  

Emission Unit: Boiler No. 3 
Test Dates: March 6 to 15, 2004 

Correlation equation: 	y= 	-0.621 + 0.544 x 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.927 ? 0.85 yes 
Confidence interval 4.49% < 10% yes 
Tolerance interval 15.6% < 25% yes 
* Indicates correlation coefficient is undefined. 

Plot of Linear Regression Line 

20 

o 	 y = 0.5445x - 0.6207 
~ 15 

~ 
~ 10 
~ 
0 
U 5 
~ 
a 

0 

~~1<~1~.7[~1~i[~1<~i67[~1~~~1<~i~~.7[~=d~1<~=cb7[~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POLYNOMIAL CORRELATION 

Facility: Facility A 
	

Emission Unit: Boiler No. 3 
Location: Anytown USA 
	

Test Dates: March 6 to 15, 2004 

PM CEMS 
response 

PM concentration 
mg/acm CALCU ~ATED STATISTICAL PARAMETERS 

Run x y x2  x3  x4  xy x2 y y^ (y^-y) 2  delta (yi-y~ )2  CI 
1 4.9 2.1 24 118 576 10 50 2.497 0.157 0.3817 54.32 2.54 
2 7.6 2.9 58 439 3,336 22 168 3.717 0.667 0.1727 43.16 1.71 
3 7.8 5.1 61 475 3,702 40 310 3.809 1.667 0.1634 19.10 1.66 
4 9.2 4.8 85 779 7,164 44 406 4.465 0.112 0.1162 21.81 1.40 
5 10.1 2.9 102 1,030 10,406 29 296 4.894 3.975 0.0995 43.16 1.30 
6 11.06 6.3 122 1,353 14,963 70 771 5.358 0.887 0.0906 10.05 1.24 
10 12 8.4 144 1,728 20,736 101 1,210 5.819 6.660 0.0884 1.14 1.22 
11 18.2 8.4 331 6,029 109,720 153 2,782 9.024 0.390 0.1202 1.14 1.43 
12 15.7 4.9 246 3,870 60,757 77 1,208 7.698 7.828 0.1084 20.88 1.36 
13 13.9 6.3 193 2,686 37,330 88 1,217 6.771 0.222 0.0960 10.05 1.27 
14 19.7 13 388 7,645 150,614 256 5,045 9.842 9.972 0.1204 12.46 1.43 
15 21.02 9.1 442 9,287 195,223 191 4,021 10.576 2.178 0.1162 0.14 1.40 
16 22.3 13.9 497 11,090 247,297 310 6,912 11.299 6.764 0.1092 19.62 1.36 
17 24.1 8.7 581 13,998 337,340 210 5,053 12.337 13.229 0.0985 0.59 1.29 
19 24.7 12.6 610 15,069 372,210 311 7,687 12.688 0.008 0.0959 9.80 1.27 
20 26.4 15.9 697 18,400 485,753 420 11,082 13.698 4.849 0.0960 41.34 1.27 
21 29.08 16.2 846 24,591 715,118 471 13,699 15.333 0.752 0.1417 45.29 1.55 
22 29.3 13.5 858 25,154 737,005 396 11,590 15.469 3.879 0.1492 16.24 1.59 
23 30.5 15.9 930 28,373 865,365 485 14,791 16.221 0.103 0.2046 41.34 1.86 
24 33.1 18.5 1,096 36,265 1,200,361 612 20,269 17.884 0.379 0.4312 81.54 2.70 
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Emission Unit: Boiler No. 3 
Test Dates: March 6 to 15, 2004 

Correlation equation: 	 y= 	0.420 + 0.406 x+ 	0.00368 xZ  

Summary of Acceptance Criteria for PS-11 

Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.924 ? 0.85 yes 

Confidence interval 6.12% < 10% yes 

Tolerance interval 16.3% < 25% yes 

" Indicates correlation coefficient is undefined. 

Check for Correlation Curve MinimumlMaximum 
Correlation curve minimum point -55.08 

Minimum allowable x value 4.9 

Is correlation curve minimum < minimum x value? yes 

Correlation curve maximum point NA 

Extrapolation limit for x(125% of maximum x value) NA 
Is correlation curve maximum > extrapolation limit? NA 

Plot of Polynomial Regression Curve 

20 

PM CEMS Response 
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RESULTS OF POLYNOMIAL CORRELATION 

Facility: 	Facility A 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 20 
S ~ S1 = Sum (xi) = 371 

SZ  S2 = Sum (xi2) = 8,312 

S3  S3 = Sum (xi3) = 208,377 

S4 S4 = Sum (xi4) = 5,574,977 

SS  S5 = Sum (yi) = 189 

S6  S6 = Sum (xiyi) = 4,295 

S~ S7 = Sum (xi2yi) = 108,567 
det A det A= nS2S4-S2S2S2+S1S3S2-S3S3n+S2S1S3-S4S1S1 = 2.120E+09 

bo  b0 = (S5S2S4+S1S3S7+S2S6S3-S7S2S2-S3S3S5-S4S6S1)/det A = 0.420 

b ~ b1 = (nS6S4+S5S3S2+S2S1S7-S2S6S2-S7S3n-S4S1S5)/det A = 0.406 

bZ b2=(nS2S7+S1S6S2+S5S1S3-S2S2S5-S3S6n-S7S1S1)/detA= 0.00368 

SP  S P  = Sqrt((1/(n-3)Sum of (y^-Y)2) = 1.951 

D D=n(S2S4-S3 Z )+S1(S3S2-S1S4)+S2(S1S3-S2 Z )= 2.120E+09 
Co  CO = (S2S4-S3 )/D = 1.375 

C ~ C1 = (S3S2-S1S4)/D = -0.1578 
CZ  C2 = (S1S3-S2 )/D = 3.846E-03 
C 3  C3 = (nS4-S2 )/D = 2.001 E-02 

C4 C4 = (S1S2-nS3)/D = -5.126E-04 
CS  C5 = (nS2-S1 )/D = 1.360E-05 

tf  t f  from table = 2.110 
EL Emission Limit = 20.0 
CI CI = t f~SP  "sqrt(delta-min) = 1.223 

CI% CI%=Cl/EL"100= 6.12% 
v f  v f  from table = 1.400 

u ° , u ~ from table = 1.195 
n' n' = 1/delta = 11.31 
kT  kt = un'"vf = 1.673 
TI TI = kt"sp = 3.263 

TI% TI% = TI/EL "100% = 16.3% 
y~ y~ = 1/n"(Sum of (yi)) = 9.47 
SY  Sy = sqrt(Sum of ( yi-y ~ )^2/(n-1) = 5.09 

r r = 1-(S P ^2/SY^2) = 0.853 

r r = sqrt((1-S P ^2/Sy^2)) = 0.924 

Max-min? bZ  > 0? minimum 

xmax-min y = -b ~ (2b Z  = -55.08 

1 . 25xmax 41.38 
Indicates correlation coefficient is undefined. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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CALCULATIONS FOR LOGARITHMIC CORRELATION 

Facility: 	Facility A 	 Emission Unit: Boiler No. 3 
Location: Anytown USA 	 Test Dates: March 6 to 15, 2004 

PM CEMS response PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS Measured Transformed 

Run x x' = In (x) Y (x; ~-x'~ ) (Y~ Y) (x' ~ x' )(Y~ Y) Y" (Y"~ Y~) 

1 4.9 1.589 2.1 1.446 54.317 8.863 -0.539 6.964 
2 7.6 2.028 2.9 0.583 43.165 5.017 3.114 0.046 
3 7.8 2.054 5.1 0.544 19.097 3.224 3.330 3.132 
4 9.2 2.219 4.8 0.328 21.809 2.674 4.704 0.009 
5 10.1 2.313 2.9 0.230 43.165 3.149 5.481 6.661 
6 11.06 2.403 6.3 0.151 10.049 1.231 6.237 0.004 
10 12 2.485 8.4 0.094 1.145 0.328 6.916 2.203 
11 18.2 2.901 8.4 0.012 1.145 -0.117 10.382 3.929 
12 15.7 2.754 4.9 0.001 20.885 0.174 9.152 18.083 
13 13.9 2.632 6.3 0.026 10.049 0.507 8.139 3.382 
14 19.7 2.981 13 0.036 12.461 0.666 11.041 3.836 
15 21.02 3.045 9.1 0.064 0.137 -0.094 11.581 6.156 
16 22.3 3.105 13.9 0.098 19.625 1.386 12.073 3.338 
17 24.1 3.182 8.7 0.152 0.593 -0.301 12.719 16.154 
19 24.7 3.207 12.6 0.172 9.797 1.299 12.924 0.105 
20 26.4 3.273 15.9 0.232 41.345 3.096 13.478 5.867 
21 29.08 3.370 16.2 0.334 45.293 3.891 14.283 3.677 
22 29.3 3.378 13.5 0.343 16.241 2.361 14.345 0.714 
23 30.5 3.418 15.9 0.392 41.345 4.025 14.679 1.490 
24 33.1 3.500 18.5 0.501 81.541 6.391 15.360 9.858 
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Emission Unit: Boiler No. 3 
Test Dates: March 6 to 15, 2004 

Correlation equation: 	y= -13.766 + 8.323 	Ln(x) 

Summarv of Accentance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.892 ? 0.85 yes 

Confidence interval 5.41% < 10% yes 

Tolerance interval 18.8% < 25% yes 

* Indicates correlation coefficient is undefined. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 

R5-2014-0104710000333 

RESULTS OF LOGARITHMIC CORRELATION 

Facility: 	Facility A 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 20 

x'~ x'~ = 1ln*(Sum of (x' ; )) = 2.79 

SX~X~ SX~X~ = Sum((x'~ x'~ }^2) = 5.74 
y~ y~ = 1ln*(Sum of (y; )) = 9.5 

Syy  Syy  = Sum((y ;-y~ )^2) = 493 
SX ~ y  SX ~ y  = Sum((x'~ x'~)(Y~ Y~ )) = 47.8 
bo  bo  = y~-b~x'~ _ -13.766 

b ~ b~ = SX ~ y/SX ~ X ~ = 8.323 
S ~ S~ = SQRT(1/(n-2)(Sum(y ;^-y ; )^2}) = 2.305 

Y^mean y^ at mean x value = 9.470 
tf  tf  from table = 2.101 

CI CI = tf*S~*SQRT(1ln} = 1.083 
EL Emission Limit = 20.0 

CI% CI% =C1/EL*100% = 5.41 % 
n' n'=n= 20 
vf  vf  from table = 1.384 
u n ~ u n ~ from table = 1.177 
kT  kt  = u n '*vf  = 1.629 

TI TI = k t*SL = 3.75 
TI% TI% = TI/EL*100% = 18.8% 
Sy  Sy  = SQRT(S yy/(n-1)) = 5.095 

= 1-(S ~^2/Sy^2) = 0.795 

r r = SQRT((1-S ~^2/Sy^2)) = 0.892 
° inaicates correiation coemcient is unaeTmea. 
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CALCULATIONS FOR EXPONENTIAL CORRELATION 

Facility: 	Facility A 	 Emission Unit: Boiler No. 3 
Location: 	Anytown USA 	 Test Dates: March 6 to 15, 2004 

Run 

PM CEMS 
response 

PM concentration 
mg/acm 

CALCULATED STATISTICAL PARAMETERS Measured Transformed 
x y y' = Ln ~Y) ~x~ x) ~Y'~ Y' ) ~x~ x)~Y'~ Y' ) Y'" ~Y'" ~ Y' ~ ) 

1 4.9 2.1 0.742 185.86 1.782 18.198 1.164 0.178 
2 7.6 2.9 1.065 119.53 1.024 11.065 1.345 0.078 
3 7.8 5.1 1.629 115.20 0.200 4.804 1.358 0.074 
4 9.2 4.8 1.569 87.10 0.258 4.743 1.452 0.014 
5 10.1 2.9 1.065 71.12 1.024 8.535 1.512 0.200 
6 11.06 6.3 1.841 55.85 0.056 1.766 1.576 0.070 
10 12 8.4 2.128 42.68 0.003 -0.336 1.639 0.239 
11 18.2 8.4 2.128 0.11 0.003 -0.017 2.055 0.005 
12 15.7 4.9 1.589 8.03 0.238 1.381 1.887 0.089 
13 13.9 6.3 1.841 21.46 0.056 1.095 1.767 0.005 
14 19.7 13 2.565 1.36 0.238 0.570 2.155 0.168 
15 21.02 9.1 2.208 6.19 0.017 0.327 2.243 0.001 
16 22.3 13.9 2.632 14.19 0.308 2.091 2.329 0.092 
17 24.1 8.7 2.163 30.99 0.007 0.482 2.450 0.082 
19 24.7 12.6 2.534 38.03 0.209 2.818 2.490 0.002 
20 26.4 15.9 2.766 61.89 0.475 5.424 2.604 0.026 
21 29.08 16.2 2.785 111.24 0.502 7.469 2.783 0.000 
22 29.3 13.5 2.603 115.93 0.277 5.662 2.798 0.038 
23 30.5 15.9 2.766 143.21 0.475 8.251 2.878 0.013 
24 33.1 18.5 2.918 212.20 0.707 12.250 3.052 0.018 
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Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.902 ? 0.85 yes 
Confidence interval 5.23% < 10% yes 
Tolerance interval 18.7% ~ 25% yes 
° maicates correiation coemcient is unaennea. 

Plot of Exponential Regression Curve 
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RESULTS OF EXPONENTIAL CORRELATION 

Emission Unit: Boiler No. 3 
Test Dates: March 6 to 15, 2004 

Correlation equation: 	y= 2.306 e o.os~o x 

Value 
- 	 Cnmm ~ni nf Arrnnt~nrn Critnri ~ fnr DCA 1 20 

Facility: 	Facility A 
Location: Anytown USA 

Variable Equation 
n Number of data 	oints - 
x~ x~ = 1/n ~ (Sum of ( ~y)) = 18.53 

Sxx Sxx = Sum((x~ x~)^2) = 1,442.2 
Y'~ y'~ = 1/n ~ (Sum of (Y' ; )) = 2.077 
Syy  Syy  = Sum((Y'~ Y'~)^2) = 7.86 
SXy  SXy ~ = Sum((x~ x~ )(Y'~ Y'~ )) = 96.58 
bo bo = y'~-b i x~ = 0.836 
b o  bo  = e^bo = 2.306 
b ~ b~ = SXy/SXX  = 0.067 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-Y' ; )^2)) = 0.278 

Y'^mean y'^ at mean x value = 2.077 
tf  tf  from table = 2.101 

CI' CI' = tf~S~~SQRT(1!n) = 0.1307 
~C~' ~C~ ' _ 	~ ' - CI' 1.946 
UC ~ ' UC~ ' - y~ ' + CI' 2.207 

CI CI = (e^UCL' - e^LC~ ')/2 1.045 
E ~ Emission Limit = 20.0 

CI% CI% =CUE ~~ 100% = 5.23% 
n' n'=n= 20 
vf  v f  from table = 1.384 
un ~ u n ~ from table = 1.177 
kT kT  = un'~vf = 1.629 
TI' TI' = kt~S~ = 0.453 

~TL' ~TL' = y~ ' - TI' 1.624 
UTL' UTL' _ 	~ ' + TI' 2.530 

TI TI = (e^UTL' - e^LTL')/2 3.740 
TI% TI% = TI/EL~ 100% = 18.7% 
Sy  Sy  = SQRT(Syy/(n-1)) = 0.643 
r r = 1-(SL^2/S y^2) = 0.813 
r r = SQRT((1-S ~^2/Sy^2)) = 0.902 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POWER CORRELATION 

Facility: 	Facility A 	 Emission Unit: Boiler No. 3 
Location: Anytown USA 	 Test Dates: March 6 to 15, 2004 

Run 

PM CEMS response 
PM concentration 

mg/acm 
CALCULATED STATISTICAL PARAMETERS Measured Transformed 

x' = Ln ~x) 
Measured Transformed 

x Y Y' = Ln ~Y) ~x'~ x' ) ~Y'~ Y' ) ~x'~ x' )~Y'~ Y' ) Y'" ~Y' ~"-Y' ~ ) 
1 4.9 1.589 2.1 0.742 1.446 1.782 1.605 0.773 0.0010 
2 7.6 2.028 2.9 1.065 0.583 1.024 0.773 1.249 0.0340 
3 7.8 2.054 5.1 1.629 0.544 0.200 0.330 1.277 0.1239 
4 9.2 2.219 4.8 1.569 0.328 0.258 0.291 1.456 0.0126 
5 10.1 2.313 2.9 1.065 0.230 1.024 0.485 1.557 0.2427 
6 11.06 2.403 6.3 1.841 0.151 0.056 0.092 1.656 0.0342 
10 12 2.485 8.4 2.128 0.094 0.003 -0.016 1.744 0.1475 
11 18.2 2.901 8.4 2.128 0.012 0.003 0.006 2.196 0.0045 
12 15.7 2.754 4.9 1.589 0.001 0.238 0.019 2.035 0.1991 
13 13.9 2.632 6.3 1.841 0.026 0.056 0.038 1.903 0.0040 
14 19.7 2.981 13 2.565 0.036 0.238 0.092 2.281 0.0804 
15 21.02 3.045 9.1 2.208 0.064 0.017 0.033 2.352 0.0206 
16 22.3 3.105 13.9 2.632 0.098 0.308 0.174 2.416 0.0467 
17 24.1 3.182 8.7 2.163 0.152 0.007 0.034 2.500 0.1133 
19 24.7 3.207 12.6 2.534 0.172 0.209 0.190 2.527 0.0001 
20 26.4 3.273 15.9 2.766 0.232 0.475 0.332 2.599 0.0281 
21 29.08 3.370 16.2 2.785 0.334 0.502 0.410 2.704 0.0066 
22 29.3 3.378 13.5 2.603 0.343 0.277 0.308 2.712 0.0119 
23 30.5 3.418 15.9 2.766 0.392 0.475 0.432 2.755 0.0001 
24 33.1 3.500 18.5 2.918 0.501 0.707 0.595 2.844 0.0055 

Page 1 of 1 
PS-11 Example 1-R 10-27-04.x1s 	 Power Calcs 	 10/29/2004 



Emission Unit: Boiler No. 3 
Test Dates: March 6 to 15, 2004 

Correlation equation: 	y= 0.3870 x '~
osas 

Cnmm~ni nf Arrnnt ~nrn Critnri ~ fnr DCA1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.922 ? 0.85 yes 
Confidence interval 4.68% < 10% yes 
Tolerance interval 16.6% ~ 25% yes 
° maicates correiation coetncient is unaennea. 

Plot of Power Function Regression Curve 
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RESULTS OF POWER CORRELATION 

Facility: 	Facility A 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 20 

x'~ x'~ = 1/n ~ (Sum of (x'; )) = 2.792 

SX ~X~ SX~X~ = Sum((x';-x'~)^2) = 5.74 
Y'~ y'~ = 1/n ~ (Sum of (Y'; )) = 2.077 
S y ~y  Sy ~y  = Sum((Y'rY'~ )^2 ) = 7.86 
S X ~y SXy ~ = Sum ~~x'~ x'~)~Y'~ Y'~ )) = 6.22 
bo bo = y'~-b~x~ _ -0.949 
bo  bo  = e^bo = 0.387 
b ~ b~ = SX ~y ~/SX ~ X ~ = 1.084 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-Y'; )^2)) = 0.249 

Y~^mean y'^ at mean x value = 2.077 
tf  tf  from table = 2.101 

CI' CI = t f~S~~SQRT(1/n) = 0.117 
~C~' ~C~ ' _ 	~ ' - CI' 1.960 
UC~ ' UCL' = y~ ' + CI' 2.194 

CI CI = (e^UCL' - e^LC ~ ')/2 0.936 
E ~ Emission Limit = 20.0 

CI% CI% =CUE ~~ 100% = 4.68% 
n' n'=n= 20 
vf  vf  from table = 1.384 
u n ~ u n ~ from table = 1.177 
kT kT  = un~~vf  = 1.629 
TI' TI' = kTS~ = 0.406 

~TL' ~TL' = y~' - TI' 1.671 
UTL' UTL' _ 	~ ' + TI' 2.483 

TI TI = (e^UTL' - e^LTL')/2 3.327 
TI% TI% = TI/EL ~ 100% = 16.6% 
Sy ~ S y ~ = SQRT(S y ~ y ~/(n-1)) = 0.643 
r r = 1-(SL^2/Sy^2) = 0.850 
r r = SQRT((1-S ~^2ISy^2)) = 0.922 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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SELECTION OF BEST MODEL 

Facility: 	Facility A 	 Emission Unit: Boiler No. 3 
Location: 	Anytown USA 	 Test Dates: March 6 to 15, 2004 

Model 
Correlation 

coefficient (a) 
> 0.85 ? — 

Confidence interval 
half range percentage 

< 10% ? — 
Tolerance interval half 

range percentage 
< 25% ? 
— 

Min/max within 
allowable range? 

Does model meet all 
criteria? 

Linear 0.927 Yes 4.49% Yes 15.6% Yes (b) Yes 
Polynomial 0.924 Yes 6.12% Yes 16.3% Yes Yes Yes 
Logarithmic 0.892 Yes 5.41 % Yes 18.8% Yes (b) Yes 
Exponential 0.902 Yes 523% Yes 18.7% Yes (b) Yes 

Power 0.922 Yes 4.68% Yes 16.6% Yes (b) Yes 
(a)* indicates correlation coefFicient is undefined; model does not satisfy criterion. 
(b)Not applicable; criterion applies only to polynomial model. 

Best model: 	Linear 

PS-11 Correlation Test 
Calculation Spreadsheet 
Version 2-6 	10/25/04 
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Appendix A.2 

Complete Results of Example No. 2— 
Initial Correlation Test 
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CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA 

Run 

PM CEMS 
response 

PM concentration 
mg/acm 

x y 
1 A 6.4 1.3 
1 B 6.4 1.2 
2A 7.5 2.3 
2 B 7.5 2.5 
3A 11.2 2.5 
3 B 11.2 2.8 
4A 16.4 7.7 
4 B 16.4 7.9 
5A 29.9 12.9 
5 B 29.9 12.5 
6A 22.2 7.8 
6 B 22.2 7.3 
7A 19.5 5.8 
7 B 19.5 5.9 
8A 27.4 11.7 
8 B 27.4 12 
9A 32.8 20.4 
9 B 32.8 20.9 
10A 26.5 20.9 
10B 26.5 21.3 
11 A 33.5 22.3 
11 B 33.5 22.6 
12A 28.1 18.4 
12 B 28.1 17.8 
13A 9.6 3.7 
13 B 9.6 3.9 
14A 5.3 4.2 
14B 5.3 4.3 
15A 18.1 6.8 
15B 18.1 7.1 

Facility: Facility B 
Location: Anytown USA 
Emission Unit: Incinerator 
Test Dates: April 3 to 6, 2003 

Value 	Units  
Emission limit: 24.3 	mg/acm 
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CALCULATIONS FOR LINEAR CORRELATION 

Facility: 	Facility B 	 Emission Unit: Incinerator 
Location: Anytown USA 	 Test Dates: April 3 to 6, 2003 

Run 

PM CEMS 
response 

PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS 

x y ~x~ x)2  ~Y~ Y)2  ~x~ x)~Y~ Y) Y" ~Y"~ Y~) 2  
1A 6.4 1.3 174.94 74.94 114.50 1.065 0.055 
1 B 6.4 1.2 174.94 76.68 115.82 1.065 0.018 
2A 7.5 2.3 147.06 58.62 92.85 1.805 0.245 
2B 7.5 2.5 147.06 55.60 90.42 1.805 0.483 
3A 11.2 2.5 71.01 55.60 62.83 4.292 3.211 
3B 11.2 2.8 71.01 51.22 60.31 4.292 2.226 
4A 16.4 7.7 10.41 5.09 7.28 7.788 0.008 
4B 16.4 7.9 10.41 4.23 6.64 7.788 0.013 
5A 29.9 12.9 105.54 8.66 30.24 16.863 15.703 
5B 29.9 12.5 105.54 6.47 26.13 16.863 19.034 
6A 22.2 7.8 6.62 4.65 -5.55 11.687 15.105 
6B 22.2 7.3 6.62 7.06 -6.84 11.687 19.242 
7A 19.5 5.8 0.02 17.28 0.53 9.872 16.577 
7B 19.5 5.9 0.02 16.46 0.51 9.872 15.773 
8A 27.4 11.7 60.42 3.04 13.55 15.182 12.126 
8B 27.4 12 60.42 4.18 15.88 15.182 10.126 
9A 32.8 20.4 173.54 109.06 137.57 18.812 2.521 
9B 32.8 20.9 173.54 119.76 144.16 18.812 4.359 
10A 26.5 20.9 47.24 119.76 75.22 14.577 39.978 
10B 26.5 21.3 47.24 128.67 77.97 14.577 45.197 
11A 33.5 22.3 192.47 152.36 171.24 19.283 9.103 
11 B 33.5 22.6 192.47 159.85 175.41 19.283 11.004 
12A 28.1 18.4 71.80 71.29 71.54 15.653 7.547 
12B 28.1 17.8 71.80 61.52 66.46 15.653 4.611 
13A 9.6 3.7 100.53 39.15 62.73 3.216 0.234 
13B 9.6 3.9 100.53 36.68 60.73 3.216 0.467 
14A 5.3 4.2 205.25 33.14 82.47 0.326 15.010 
14B 5.3 4.3 205.25 32.00 81.04 0.326 15.794 
15A 18.1 6.8 2.33 9.96 4.82 8.930 4.539 
15B 18.1 7.1 2.33 8.16 4.36 8.930 3.350 
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RESULTS OF LINEAR CORRELATION 

Facility: 	Facility B 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 30 
x~ x~ = 1tn*(Sum of (x)) = 19.63 

SXX SXX = Sum((x ~ x~ )^2) = 2,738 
y~ y~ = 1ln*(Sum of (y; )) = 9.96 
S yy  S yy  = Sum((y;-y~ )^2) = 1,531 
SXy  SXy  = Sum((x~ x~)(Y~ Y~ )} = 1,840.8 
bo  bo  = y~-b~x~ _ -3.237 
b ~ b~ = SXy/SXX  = 0.672 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y; )^2)} = 3.238 

Y^mean y^ at mean x value = 9.957 
tf  tf  from table = 2.048 
CI CI = tf*S ~*SQRT(1ln} = 1.211 
EL Emission Limit = 24.3 

CI% CI% =C1/EL*100% = 4.98% 
n' n'=n= 30 
vf  vf  from table = 1.286 
u n ~ u n ~ from table = 1.168 
kT  kt  = u n '*vf  = 1.503 
TI TI = kt*S~ = 4.866 

TI% TI% = TI/EL*100% = 20.0% 
S y  Sy  = SQRT(S yy/(n-1)) = 7.266 
r r = 1-(S ~^2/Sy^2) = 0.801 
r r = SQRT((1-S ~^2/Sy^2)) = 0.895 

* Indicates correlation coefficient is undefined.  

Emission Unit: Incinerator 
Test Dates: April 3 to 6, 2003 

Correlation equation: 	y= 	-3.237 + 0.672 x 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.895 ? 0.85 yes 
Confidence interval 4.98% < 10% yes 
Tolerance interval 20.0% < 25% yes 
* Indicates correlation coefficient is undefined. 

Plot of Linear Regression Line 
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PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POLYNOMIAL CORRELATION 

Facility: Facility B 
	

Emission Unit: Incinerator 
Location: Anytown USA 
	

Test Dates: April 3 to 6, 2003 

PM CEMS 
response 

PM concentration 
mg/acm CALCU ~ATED STATISTICAL PARAMETERS 

Run x y x2  x3  x4  xy x2y y^ (y^-y) 2  delta (yi-y~ )2  CI 
1 A 6.4 1.3 41 262 1,678 8 53 2.649 1.819 0.1326 74.94 2.15 
1 B 6.4 1.2 41 262 1,678 8 49 2.649 2.099 0.1326 76.68 2.15 
2A 7.5 2.3 56 422 3,164 17 129 2.795 0.245 0.1009 58.62 1.87 
2B 7.5 2.5 56 422 3,164 19 141 2.795 0.087 0.1009 55.60 1.87 
3A 11.2 2.5 125 1,405 15,735 28 314 3.680 1.392 0.0646 55.60 1.50 
3B 11.2 2.8 125 1,405 15,735 31 351 3.680 0.774 0.0646 51.22 1.50 
4A 16.4 7.7 269 4,411 72,339 126 2,071 5.942 3.090 0.0852 5.09 1.72 
4B 16.4 7.9 269 4,411 72,339 130 2,125 5.942 3.833 0.0852 4.23 1.72 
5A 29.9 12.9 894 26,731 799,254 386 11,533 17.379 20.061 0.0756 8.66 1.62 
5B 29.9 12.5 894 26,731 799,254 374 11,175 17.379 23.804 0.0756 6.47 1.62 
6A 22.2 7.8 493 10,941 242,891 173 3,844 9.872 4.292 0.0823 4.65 1.69 
6B 22.2 7.3 493 10,941 242,891 162 3,598 9.872 6.614 0.0823 7.06 1.69 
7A 19.5 5.8 380 7,415 144,590 113 2,205 7.858 4.236 0.0906 17.28 1.77 
7B 19.5 5.9 380 7,415 144,590 115 2,243 7.858 3.834 0.0906 16.46 1.77 
8A 27.4 11.7 751 20,571 563,641 321 8,784 14.655 8.732 0.0593 3.04 1.44 
8B 27.4 12 751 20,571 563,641 329 9,009 14.655 7.049 0.0593 4.18 1.44 
9A 32.8 20.4 1,076 35,288 1,157,432 669 21,947 20.884 0.234 0.1573 109.06 2.34 
9B 32.8 20.9 1,076 35,288 1,157,432 686 22,485 20.884 0.000 0.1573 119.76 2.34 
10A 26.5 20.9 702 18,610 493,155 554 14,677 13.742 51.239 0.0604 119.76 1.45 
10B 26.5 21.3 702 18,610 493,155 564 14,958 13.742 57.125 0.0604 128.67 1.45 
11 A 33.5 22.3 1,122 37,595 1,259,445 747 25,026 21.785 0.265 0.1920 152.36 2.58 
11B 33.5 22.6 1,122 37,595 1,259,445 757 25,363 21.785 0.664 0.1920 159.85 2.58 
12A 28.1 18.4 790 22,188 623,484 517 14,529 15.390 9.060 0.0605 71.29 1.45 
12B 28.1 17.8 790 22,188 623,484 500 14,055 15.390 5.808 0.0605 61.52 1.45 
13A 9.6 3.7 92 885 8,493 36 341 3.223 0.227 0.0700 39.15 1.56 
13B 9.6 3.9 92 885 8,493 37 359 3.223 0.458 0.0700 36.68 1.56 
14A 5.3 4.2 28 149 789 22 118 2.556 2.704 0.1785 33.14 2.49 
14B 5.3 4.3 28 149 789 23 121 2.556 3.043 0.1785 32.00 2.49 
15A 18.1 6.8 328 5,930 107,328 123 2,228 6.940 0.020 0.0901 9.96 1.77 
15B 18.1 7.1 328 5,930 107,328 129 2,326 6.940 0.025 0.0901 8.16 1.77 
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Emission Unit: Incinerator 
Test Dates: April 3 to 6, 2003 

Correlation equation: 	 y= 	2.854 +-0.173 x+ 	0.02203 xZ  

Summary of Acceptance Criteria for PS-11 

Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.919 ? 0.85 yes 

Confidence interval 5.91% < 10% yes 

Tolerance interval 18.0% ~ 25% yes 

" Indicates correlation coefficient is undefined. 

Check for Correlation Curve MinimumlMaximum 
Correlation curve minimum point 3.93 

Minimum allowable x value 5.3 

Is correlation curve minimum < minimum x value? yes 

Correlation curve maximum point NA 

Extrapolation limit for x(125% of maximum x value) NA 
Is correlation curve maximum > extrapolation limit? NA 

Plot of Polynomial Regression Curve 

25 

PM CEMS Response 

R5-2014-0104710000333 

RESULTS OF POLYNOMIAL CORRELATION 

Facility: 	Facility B 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 30 
S ~ S1 = Sum (xi) = 589 

SZ  S2 = Sum (xi2) = 14,295 

S3  S3 = Sum (xi3) = 385,603 

S4 S4 = Sum (xi4) = 10,986,838 

SS  S5 = Sum (yi) = 299 

S6  S6 = Sum (xiyi) = 7,703 

S~ S7 = Sum (xi2yi) = 216,158 
det A det A= nS2S4-S2S2S2+S1S3S2-S3S3n+S2S1S3-S4S1S1 = 1.198E+10 

bo  b0 = (S5S2S4+S1S3S7+S2S6S3-S7S2S2-S3S3S5-S4S6S1)/det A = 2.854 

b ~ b1 = (nS6S4+S5S3S2+S2S1S7-S2S6S2-S7S3n-S4S1S5)/det A = -0.173 

bZ b2=(nS2S7+S1S6S2+S5S1S3-S2S2S5-S3S6n-S7S1S1)/detA= 0.02203 

SP  S P  = Sqrt((1/(n-3)Sum of (y^-Y)2) = 2.873 

D D=n(S2S4-S3 Z )+S1(S3S2-S1S4)+S2(S1S3-S2 Z )= 1.198E+10 
Co  CO = (S2S4-S3 )/D = 0.698 

C ~ C1 = (S3S2-S1S4)/D = -0.0799 
CZ  C2 = (S1S3-S2 )/D = 1.895E-03 
C 3  C3 = (nS4-S2 )/D = 1.045E-02 

C4 C4 = (S1S2-nS3)/D = -2.630E-04 
CS  C5 = (nS2-S1 )/D = 6.855E-06 

tf  t f  from table = 2.052 
EL Emission Limit = 24.3 
CI CI = t f~SP  "sqrt(delta-min) = 1.436 

CI% CI%=Cl/EL"100= 5.91% 
v f  v f  from table = 1.293 

u ° , u ~ from table = 1.181 
n' n' = 1/delta = 16.86 
kT  kt = un'"vf = 1.527 
TI TI = kt"sp = 4.385 

TI% TI% = TI/EL "100% = 18.0% 
y~ y~ = 1/n"(Sum of (yi)) = 9.96 
SY  Sy = sqrt(Sum of ( yi-Y~ )^2/(n-1) = 7.27 

r r = 1-(S P ^2/SY^2) = 0.844 

r r = sqrt((1-S P ^2/SY^2)) = 0.919 

Max-min? bZ  > 0? minimum 

xmax-min y = -b ~ (2b Z  = 3.93 

1 . 25xmax 41.88 
Indicates correlation coefficient is undefined. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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CALCULATIONS FOR LOGARITHMIC CORRELATION 

Facility: 	Facility B 	 Emission Unit: Incinerator 
Location: Anytown USA 	 Test Dates: April 3 to 6, 2003 

PM CEMS response PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS Measured Transformed 

Run x x' = In (x) Y (xr-x'~) ~Y~ Y~) ~x'~ x'~)~Y~ Y) Y" ~Y"~ Y~) 
1A 6.4 1.856 1.3 0.929 74.938 8.345 0.504 0.634 
1 B 6.4 1.856 1.2 0.929 76.679 8.441 0.504 0.485 
2A 7.5 2.015 2.3 0.649 58.625 6.166 2.059 0.058 
26 7.5 2.015 2.5 0.649 55.602 6.005 2.059 0.194 
3A 11.2 2.416 2.5 0.163 55.602 3.015 5.992 12.191 
36 11.2 2.416 2.8 0.163 51.218 2.894 5.992 10.186 
4A 16.4 2.797 7.7 0.001 5.093 0.052 9.732 4.127 
46 16.4 2.797 7.9 0.001 4.230 0.047 9.732 3.355 
5A 29.9 3.398 12.9 0.334 8.663 1.700 15.621 7.405 
56 29.9 3.398 12.5 0.334 6.469 1.469 15.621 9.742 
6A 22.2 3.100 7.8 0.078 4.651 -0.604 12.701 24.021 
66 22.2 3.100 7.3 0.078 7.058 -0.743 12.701 29.172 
7A 19.5 2.970 5.8 0.023 17.278 -0.624 11.429 31.690 
76 19.5 2.970 5.9 0.023 16.457 -0.609 11.429 30.574 
8A 27.4 3.311 11.7 0.240 3.039 0.855 14.765 9.394 
86 27.4 3.311 12 0.240 4.175 1.002 14.765 7.645 
9A 32.8 3.490 20.4 0.449 109.063 6.999 16.529 14.985 
96 32.8 3.490 20.9 0.449 119.757 7.334 16.529 19.106 
10A 26.5 3.277 20.9 0.209 119.757 5.000 14.437 41.765 
106 26.5 3.277 21.3 0.209 128.671 5.183 14.437 47.095 
11A 33.5 3.512 22.3 0.478 152.358 8.533 16.736 30.957 
11 B 33.5 3.512 22.6 0.478 159.854 8.740 16.736 34.386 
12A 28.1 3.336 18.4 0.266 71.290 4.353 15.012 11.476 
126 28.1 3.336 17.8 0.266 61.518 4.043 15.012 7.771 
13A 9.6 2.262 3.7 0.312 39.146 3.494 4.480 0.608 
136 9.6 2.262 3.9 0.312 36.683 3.382 4.480 0.336 
14A 5.3 1.668 4.2 1.328 33.139 6.635 -1.346 30.756 
146 5.3 1.668 4.3 1.328 31.998 6.519 -1.346 31.875 
15A 18.1 2.896 6.8 0.006 9.965 -0.239 10.699 15.200 
156 18.1 2.896 7.1 0.006 8.161 -0.216 10.699 12.951 
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Emission Unit: Incinerator 
Test Dates: April 3 to 6, 2003 

Correlation equation: 	y= -17.700 + 9.807 	Ln(x) 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.822 ? 0.85 no 

Confidence interval 6.37% < 10% yes 

Tolerance interval 25.6% < 25% no 

* Indicates correlation coefficient is undefined. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 

R5-2014-0104710000333 

RESULTS OF LOGARITHMIC CORRELATION 

Facility: 	Facility B 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 30 

x' ~ x'~ = 1ln*(Sum of (x' ;)) = 2.82 

SX~X~ SX~X~ = Sum((x' ~ x'~ )^2) = 10.93 
y~ y~ = 1ln*(Sum of (y; )) = 10.0 

Syy  Syy  = Sum((y ;-y~ )^2) = 1,531 
SX ~ y  SX ~ y  = Sum((x'~ x'~)(Y~ Y~ }} = 107.2 
bo  bo  = y~-b~x'~ _ -17.700 

b ~ b~ = SX ~ y/SX ~ X ~ = 9.807 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y; )^2)) = 4.141 

Y^mean y^ at mean x value = 9.957 
tf  tf  from table = 2.048 

CI CI = tf*S~*SQRT(1ln) = 1.549 
EL Emission Limit = 24.3 

CI% CI% =C1/EL*100% = 6.37% 
n' n'=n= 30 
vf  vf  from table = 1.286 
u n ~ u n ~ from table = 1.168 
kT  kt  = u n '*vf  = 1.503 

TI TI = k t*SL = 6.22 
TI% TI% = TI/EL*100% = 25.6% 
S y  Sy  = SQRT(S yy/(n-1)) = 7.266 
r = 1-(S ~^2/Sy^2) = 0.675 

r r = SQRT((1-S ~^2/Sy^2)) = 0.822 
* Indicates correlation coefficient is undefined. 
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CALCULATIONS FOR EXPONENTIAL CORRELATION 

Facility: 	Facility B 	 Emission Unit: Incinerator 
Location: 	Anytown USA 	 Test Dates: April 3 to 6, 2003 

Run 

PM CEMS 
response 

PM concentration 
mg/acm 

CA~CU ~ATED STATISTICA ~ PARAMETERS Measured Transformed 
x y y' _ ~n~Y) ~x~ -x ) ~Y'~ -Y' 	) ~x~ -x~)~Y'~ Y' ) Y'" ~Y'"~ Y' ~ ) 

1 A 6.4 1.3 0.262 174.94 2.957 22.744 0.886 0.389 
1 B 6.4 1.2 0.182 174.94 3.239 23.803 0.886 0.496 
2A 7.5 2.3 0.833 147.06 1.320 13.934 0.978 0.021 
2B 7.5 2.5 0.916 147.06 1.136 12.923 0.978 0.004 
3A 11.2 2.5 0.916 71.01 1.136 8.980 1.284 0.135 
3B 11.2 2.8 1.030 71.01 0.907 8.025 1.284 0.065 
4A 16.4 7.7 2.041 10.41 0.004 -0.191 1.715 0.107 
4B 16.4 7.9 2.067 10.41 0.007 -0.274 1.715 0.124 
5A 29.9 12.9 2.557 105.54 0.331 5.910 2.833 0.076 
5B 29.9 12.5 2.526 105.54 0.296 5.587 2.833 0.094 
6A 22.2 7.8 2.054 6.62 0.005 0.186 2.195 0.020 
6B 22.2 7.3 1.988 6.62 0.000 0.015 2.195 0.043 
7A 19.5 5.8 1.758 0.02 0.050 0.028 1.971 0.046 
7B 19.5 5.9 1.775 0.02 0.043 0.026 1.971 0.039 
8A 27.4 11.7 2.460 60.42 0.228 3.713 2.626 0.028 
8B 27.4 12 2.485 60.42 0.253 3.910 2.626 0.020 
9A 32.8 20.4 3.016 173.54 1.068 13.616 3.073 0.003 
9B 32.8 20.9 3.040 173.54 1.119 13.935 3.073 0.001 
10A 26.5 20.9 3.040 47.24 1.119 7.271 2.551 0.239 
10B 26.5 21.3 3.059 47.24 1.159 7.401 2.551 0.258 
11 A 33.5 22.3 3.105 192.47 1.260 15.575 3.131 0.001 
11 B 33.5 22.6 3.118 192.47 1.291 15.760 3.131 0.000 
12A 28.1 18.4 2.912 71.80 0.866 7.884 2.684 0.052 
12B 28.1 17.8 2.879 71.80 0.805 7.603 2.684 0.038 
13A 9.6 3.7 1.308 100.53 0.454 6.754 1.151 0.025 
13B 9.6 3.9 1.361 100.53 0.386 6.226 1.151 0.044 
14A 5.3 4.2 1.435 205.25 0.299 7.835 0.795 0.409 
14B 5.3 4.3 1.459 205.25 0.274 7.497 0.795 0.440 
15A 18.1 6.8 1.917 2.33 0.004 0.099 1.855 0.004 
15B 18.1 7.1 1.960 2.33 0.000 0.033 1.855 0.011 
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Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.921 ? 0.85 yes 
Confidence interval 3.80% < 10% yes 
Tolerance interval 15.9% ~ 25% yes 
° maicates correiation coemcient is unaennea. 

R5-2014-0104710000333 

RESULTS OF EXPONENTIAL CORRELATION 

Emission Unit: Incinerator 
Test Dates: April 3 to 6, 2003 

Correlation equation: 	y= 1.428 e o.oszs X 
Value 

- 	 Cnmm ~ni nf Arrnnt~nrn Critnri ~ fnr DCA 1 30 

Facility: 	Facility B 
Location: Anytown USA 

Variable Equation 
n Number of data 	oints - 
x~ x~ = 1/n ~ (Sum of ( ~y)) = 19.63 

SXX SXX = Sum((x~ x~)^2) = 2,738.4 
Y'~ y'~ = 1/n ~ (Sum of (Y' ; )) = 1.982 
Syy  Syy  = Sum((y'~ Y'~)^2) = 22.02 
SXy  SXy ~ = Sum((x~ x~ )(Y'~ Y'~ )) = 226.81 
bo bo = y'~-b i x~ = 0.356 
b o  bo  = e^bo = 1.428 
b ~ b~ = SXy/SXX  = 0.083 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-y' ; )^2)) = 0.340 

Y'^mean y'^ at mean x value = 1.982 
tf  tf  from table = 2.048 

CI' CI' = tf~S~~SQRT(1!n) = 0.1270 
~C~' ~C~ ' _ 	~ ' - CI' 1.855 
UC ~ ' UC~ ' = y~ ' + CI' 2.109 

CI CI = (e^UCL' - e^LC~ ')/2 0.924 
E ~ Emission Limit = 24.3 

CI% CI% =CUE ~~ 100% = 3.80% 
n' n' = n = 30 
vf  v f  from table = 1.286 
un ~ u n ~ from table = 1.168 
kT kT  = un'~vf = 1.503 
TI' TI' = kt~S~ = 0.510 

~TL' ~TL' = y~ ' - TI' 1.472 
UTL' UTL' _ 	~ ' + TI' 2.492 

TI TI = (e^UTL' - e^LTL')/2 3.866 
TI% TI% = TI/EL~ 100% = 15.9% 
Sy  Sy  = SQRT(Syy/(n-1)) = 0.871 
r r = 1-(SL^2/S y^2) = 0.848 
r r = SQRT((1-S ~^2/Sy^2)) = 0.921 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POWER CORRELATION 

Facility: 	Facility B 	 Emission Unit: Incinerator 
Location: Anytown USA 	 Test Dates: April 3 to 6, 2003 

Run 

PM CEMS response 
PM concentration 

mg/acm 
CALCU ~ATED STATISTICAL PARAMETERS Measured Transformed 

x' _ ~n(x) 
Measured Transformed 

x Y Y' _ ~n(Y) (x' ~ -x'') (Y'~ -y'') (x'; -x'')(Y'~ Y' ) Y'" (Y'i"-Y'~ ) 
1A 6.4 1.856 1.3 0.262 0.929 2.957 1.658 0.756 0.2433 
1 B 6.4 1.856 1.2 0.182 0.929 3.239 1.735 0.756 0.3287 
2A 7.5 2.015 2.3 0.833 0.649 1.320 0.925 0.957 0.0155 
2B 7.5 2.015 2.5 0.916 0.649 1.136 0.858 0.957 0.0017 
3A 11.2 2.416 2.5 0.916 0.163 1.136 0.431 1.468 0.3039 
3B 11.2 2.416 2.8 1.030 0.163 0.907 0.385 1.468 0.1918 
4A 16.4 2.797 7.7 2.041 0.001 0.004 -0.001 1.953 0.0078 
4B 16.4 2.797 7.9 2.067 0.001 0.007 -0.002 1.953 0.0130 
5A 29.9 3.398 12.9 2.557 0.334 0.331 0.332 2.717 0.0255 
5B 29.9 3.398 12.5 2.526 0.334 0.296 0.314 2.717 0.0365 
6A 22.2 3.100 7.8 2.054 0.078 0.005 0.020 2.338 0.0806 
6B 22.2 3.100 7.3 1.988 0.078 0.000 0.002 2.338 0.1226 
7A 19.5 2.970 5.8 1.758 0.023 0.050 -0.034 2.173 0.1723 
7B 19.5 2.970 5.9 1.775 0.023 0.043 -0.031 2.173 0.1584 
8A 27.4 3.311 11.7 2.460 0.240 0.228 0.234 2.606 0.0213 
8B 27.4 3.311 12 2.485 0.240 0.253 0.247 2.606 0.0146 
9A 32.8 3.490 20.4 3.016 0.449 1.068 0.693 2.835 0.0328 
9B 32.8 3.490 20.9 3.040 0.449 1.119 0.709 2.835 0.0421 
10A 26.5 3.277 20.9 3.040 0.209 1.119 0.483 2.563 0.2271 
10B 26.5 3.277 21.3 3.059 0.209 1.159 0.492 2.563 0.2455 
11A 33.5 3.512 22.3 3.105 0.478 1.260 0.776 2.861 0.0591 
11 B 33.5 3.512 22.6 3.118 0.478 1.291 0.785 2.861 0.0658 
12A 28.1 3.336 18.4 2.912 0.266 0.866 0.480 2.638 0.0754 
12B 28.1 3.336 17.8 2.879 0.266 0.805 0.463 2.638 0.0583 
13A 9.6 2.262 3.7 1.308 0.312 0.454 0.376 1.271 0.0014 
13B 9.6 2.262 3.9 1.361 0.312 0.386 0.347 1.271 0.0080 
14A 5.3 1.668 4.2 1.435 1.328 0.299 0.630 0.516 0.8453 
14B 5.3 1.668 4.3 1.459 1.328 0.274 0.603 0.516 0.8891 
15A 18.1 2.896 6.8 1.917 0.006 0.004 -0.005 2.078 0.0260 
15B 18.1 2.896 7.1 1.960 0.006 0.000 -0.002 2.078 0.0140 
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Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.892 ? 0.85 yes 
Confidence interval 4.41 % < 10% yes 
Tolerance interval 18.7% ~ 25% yes 
° maicates correiation coetncient is unaennea. 

Plot of Power Function Regression Curve 
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R5-2014-0104710000333 

RESULTS OF POWER CORRELATION 

Emission Unit: Incinerator 
Test Dates: April 3 to 6, 2003 

Correlation equation: 	y= 0.2007 x' ~
2'22  

Value 
- 	 Cnmm~ni nf Arrnnt ~nrn Critnri ~ fnr DCA1 30 

Facility: 	Facility B 
Location: Anytown USA 

Variable Equation 
n Number of data 	oints - 

x'~ x'~ = 1/n ~ (Sum of (x'; )) = 2.820 

SX ~X~ SX~X~ = Sum((x';-x'~ )^2) = 10.93 
Y'~ y'~ = 1/n ~ (Sum of (Y'; )) = 1.982 
S y ~y  Sy ~y  = Sum((Y';-Y'~ )^2) = 22.02 
S X ~y SXy ~ = Sum((x'~ x~~ )(Y'~ Y'~)) = 13.90 
bo bo = y'~-b~x~ _ -1.606 
bo  bo  = e^bo = 0.201 
b ~ b~ = S X ~y ~/SX ~ X ~ = 1.272 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-Y'; )^2)) = 0.393 

Y~^mean y'^ at mean x value = 1.982 
tf  tf  from table = 2.048 

CI' CI = t f~S~~SQRT(1/n) = 0.147 
~C~' ~C~ ' _ 	~ ' - CI' 1.835 
UC~ ' UCL' = y~ ' + CI' 2.129 

CI CI = (e^UCL' - e^LC ~ ')/2 1.071 
E ~ Emission Limit = 24.3 

CI% CI% =CUE ~~ 100% = 4.41% 
n' n'=n= 30 
vf  vf  from table = 1.286 
u n ~ u n ~ from table = 1.168 
kT kT  = un~~vf  = 1.503 
TI' TI' = kTS~ = 0.591 

~TL' ~TL' = y~ ' - TI' 1.391 
UTL' UTL' _ 	~ ' + TI' 2.573 

TI TI = (e^UTL' - e^LTL')/2 4.540 
TI% TI% = TI/EL ~ 100% = 18.7% 
Sy ~ S y ~ = SQRT(S y ~ y ~/(n-1)) = 0.871 
r r = 1-(SL^2/Sy^2) = 0.796 
r r = SQRT((1-S ~^2ISy^2)) = 0.892 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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SELECTION OF BEST MODEL 

Facility: 	Facility B 
	

Emission Unit: Incinerator 
Location: 	Anytown USA 
	

Test Dates: April 3 to 6, 2003 

Model 
Correlation 

coefficient (a) 
> 0.85 ? — 

Confidence interval 
half range percentage 

< 10% ? — 
Tolerance interval half 

range percentage 
< 25% ? — 

Min/max within 
allowable range? 

Does model meet all 
criteria? 

Linear 0.895 Yes 4.98% Yes 20.0% Yes (b) Yes 
Polynomial 0.919 Yes 5.91 % Yes 18.0% Yes Yes Yes 
Logarithmic 0.822 No 6.37% Yes 25.6% No (b) No 
Exponential 0.921 Yes 3.80% Yes 15.9% Yes (b) Yes 

Power 0.892 Yes 4.41 % Yes 18.7% Yes (b) Yes 
(a)* indicates correlation coefficient is undefined; model does not satisfy criterion. 
(b)Not applicable; criterion applies only to polynomial model. 

Best model 
	

Exponential 

PS-11 Correlation Test 
Calculation Spreadsheet 
Version 2-6 	10/25/04 
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Appendix A.3 

Complete Results of Example No. 3— 
Initial Correlation Test 
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CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA 
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Facility: 	Facility C 
Location: 	Anytown USA 
Emission Unit: 	HWI 
Test Dates: 	November 1 to 4, 2002 

Value 	Units  
Emission limit: 	17.45 	mg/acm 
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CALCULATIONS FOR LINEAR CORRELATION 

Facility: 	Facility C 	 Emission Unit: HWI 
Location: Anytown USA 	 Test Dates: November 1 to 4, 2002 

Run 

PM CEMS 
response 

PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS 

x y ~x~ x)2  ~Y~ Y)2  ~x~ x)~Y~ Y) Y" ~Y"~ Y~}2 
1 5.8 3.5 92.29 272.25 158.51 8.942 29.621 
2 7.6 9 60.94 121.00 85.87 11.014 4.058 
3 7.8 7.8 57.86 148.84 92.80 11.245 11.865 
4 16.4 25.2 0.99 27.04 5.17 21.143 16.456 
5 10.1 16.6 28.16 11.56 18.04 13.892 7.334 
6 11.1 14.3 18.55 32.49 24.55 15.043 0.552 
7 12 19.6 11.61 0.16 1.36 16.079 12.399 
8 13.2 20.1 4.87 0.01 -0.22 17.460 6.969 
9 15.7 23.4 0.09 11.56 1.00 20.338 9.378 
10 17.6 26.7 4.81 44.89 14.70 22.525 17.434 
11 21.7 26.8 39.61 46.24 42.79 27.244 0.197 
12 21 28.9 31.29 79.21 49.78 26.438 6.061 
13 22.3 25.7 47.52 32.49 39.29 27.934 4.993 
14 24.1 26.2 75.57 38.44 53.90 30.006 14.487 
15 24.7 26.2 86.37 38.44 57.62 30.697 20.222 
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RESULTS OF LINEAR CORRELATION 

Facility: 	Facility C 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 15 
x~ x~ = 1tn*(Sum of (x)) = 15.41 

SXX SXX = Sum((x ~ x~ )^2) = 561 
y~ y~ = 1ln*(Sum of (y; )) = 20.00 
S yy  S yy  = Sum((y;-y~ )^2) = 905 
SXy  SXy  = Sum((x~ x~>(y, y~)} = 645.2 
bo  bo  = y~-b~x~ = 2.267 
b ~ b~ = SXy/SXX  = 1.151 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y; )^2)} = 3.530 

Y^mean y^ at mean x value = 20.000 
tf  tf  from table = 2.160 
CI CI = tf*S ~*SQRT(1ln} = 1.969 
EL Emission Limit = 17.5 

CI% CI% =C1/EL*100% = 11.29% 
n' n'=n= 15 
vf  vf  from table = 1.485 
u n ~ u n ~ from table = 1.184 
kT  kt  = u n '*vf  = 1.759 
TI TI = kt*S~ = 6.210 

TI% TI% = TI/EL*100% = 35.6% 
S y  Sy  = SQRT(S yy/(n-1)) = 8.038 
r r = 1-(S ~^2/Sy^2) = 0.807 
r r = SQRT((1-S ~^2/Sy^2)) = 0.898 

* Indicates correlation coefficient is undefined.  

Emission Unit: HWI 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	y= 	2.267 + 1.151 x 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.898 ? 0.85 yes 
Confidence interval 11.29% < 10% no 
Tolerance interval 35.6% < 25% no 
* Indicates correlation coefficient is undefined. 

Plot of Linear Regression Line 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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R5-2014-0104710000333 

CALCULATIONS FOR POLYNOMIAL CORRELATION 

Facility: Facility C 
	

Emission Unit: HWI 
Location: Anytown USA 
	

Test Dates: November 1 to 4, 2002 

PM CEMS 
response 

PM concentration 
mg/acm CALCU ~ATED STATISTICAL PARAMETERS 

Run x y x2  x3  x4  xy x2 y y^ (y^-y) 2  delta (yi-y~ )2  CI 
1 5.8 3.5 34 195 1,132 20 118 3.138 0.131 0.4679 272.25 1.91 
2 7.6 9 58 439 3,336 68 520 8.429 0.326 0.2223 121.00 1.31 
3 7.8 7.8 61 475 3,702 61 475 8.976 1.384 0.2060 148.84 1.27 
4 16.4 25.2 269 4,411 72,339 413 6,778 24.851 0.121 0.1650 27.04 1.13 
5 10.1 16.6 102 1,030 10,406 168 1,693 14.689 3.653 0.1214 11.56 0.97 
6 11.1 14.3 123 1,368 15,181 159 1,762 16.838 6.444 0.1224 32.49 0.98 
7 12 19.6 144 1,728 20,736 235 2,822 18.600 1.000 0.1320 0.16 1.01 
8 13.2 20.1 174 2,300 30,360 265 3,502 20.694 0.352 0.1488 0.01 1.08 
9 15.7 23.4 246 3,870 60,757 367 5,768 24.119 0.517 0.1672 11.56 1.14 
10 17.6 26.7 310 5,452 95,951 470 8,271 25.876 0.679 0.1541 44.89 1.09 
11 21.7 26.8 471 10,218 221,737 582 12,620 27.177 0.142 0.1374 46.24 1.03 
12 21 28.9 441 9,261 194,481 607 12,745 27.196 2.903 0.1265 79.21 0.99 
13 22.3 25.7 497 11,090 247,297 573 12,780 27.082 1.911 0.1565 32.49 1.10 
14 24.1 26.2 581 13,998 337,340 631 15,217 26.360 0.026 0.2949 38.44 1.51 
15 24.7 26.2 610 15,069 372,210 647 15,984 25.973 0.051 0.3775 38.44 1.71 
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Emission Unit: HWI 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	 y= -18.371 + 4.296 x+ 	-0.10123 xz  

Summary of Acceptance Criteria for PS-11 

Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.987 ? 0.85 yes 

Confidence interval 5.56% < 10% yes 

Tolerance interval 13.4% < 25% yes 

" Indicates correlation coefficient is undefined. 

Check for Correlation Curve MinimumlMaximum 
Correlation curve minimum point NA 

Minimum allowable x value NA 

Is correlation curve minimum < minimum x value? NA 

Correlation curve maximum point 21.2 

Extrapolation limit for x(125% of maximum x value) 30.9 
Is correlation curve maximum > extrapolation limit? no 

R5-2014-0104710000333 

RESULTS OF POLYNOMIAL CORRELATION 

Facility: 	Facility C 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 15 
S ~ S1 = Sum (xi) = 231 

Sz  S2 = Sum (xi2) = 4,121 

S3  S3 = Sum (xi3) = 80,903 

S4 S4 = Sum (xi4) = 1,686,966 

SS  S5 = Sum (yi) = 300 

S6  S6 = Sum (xiyi) = 5,267 

S~ S7 = Sum (xi2yi) = 101,055 
det A det A= nS2S4-S2S2S2+S1S3S2-S3S3n+S2S1S3-S4S1S1 = 1.168E+08 

bo  b0 = (S5S2S4+S1S3S7+S2S6S3-S7S2S2-S3S3S5-S4S6S1)/det A = -18.371 

b ~ b1 = (nS6S4+S5S3S2+S2S1S7-S2S6S2-S7S3n-S4S1S5)/det A = 4.296 

bz b2=(nS2S7+S1S6S2+S5S1S3-S2S2S5-S3S6n-S7S1S1)/detA= -0.10123 

SP  S P  = Sqrt((1/(n-3)Sum of (y^-Y)2) = 1.279 

D D=n(S2S4-S3z )+S1(S3S2-S1S4)+S2(S1S3-S2 z )= 1.168E+08 
Co  CO = (S2S4-S3 )/D = 3.481 

C ~ C1 = (S3S2-S1S4)/D = -0.4833 
Cz  C2 = (S1S3-S2 )/D = 1.467E-02 
C 3  C3 = (nS4-S2 )/D = 7.124E-02 

C4 C4 = (S1S2-nS3)/D = -2.236E-03 
CS  C5 = (nS2-S1 )/D = 7.1g7E-O5 

tf  t f  from table = 2.179 
EL Emission Limit = 17.5 
CI CI = t f~SP  "sqrt(delta-min) = 0.971 

CI% CI%=Cl/EL"100= 5.56% 
v f  v f  from table = 1.515 

u ° , u ~ from table = 1.208 
n' n' = 1/delta = 8.24 
kT  kt = un'"vf = 1.831 
TI TI = kt"sp = 2.342 

TI% TI% = TI/EL "100% = 13.4% 
y~ y~ = 1/n"(Sum of (yi)) = 20.00 
SY  Sy = sqrt(Sum of ( yi-y ~ )^2/(n-1) = 8.04 

r P = 1-(SP^2/$Y^2) = 0.975 

r r = sqrt((1-S P^2/SY^2)) = 0.987 

Max-min? bz  > 0? maximum 

xmax-min Y = -b ~ (2b z  = 21.22 

1 . 25xmax 30.88 
Indicates correlation coefficient is undefined. 

Plot of Polynomial Regression Curve 
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PM CEMS Response 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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CALCULATIONS FOR LOGARITHMIC CORRELATION 

Facility: 	Facility C 	 Emission Unit: HWI 
Location: Anytown USA 	 Test Dates: November 1 to 4, 2002 

PM CEMS response PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS Measured Transformed 

Run x x' = In (x) Y (x; ~-x'~ ) (Y~ Y) (x' ~ x' )(Y ~ Y) Y" (Y"~ Y~) 

1 5.8 1.758 3.5 0.785 272.250 14.620 5.106 2.578 
2 7.6 2.028 9 0.379 121.000 6.774 9.649 0.421 
3 7.8 2.054 7.8 0.348 148.840 7.196 10.086 5.225 
4 16.4 2.797 25.2 0.024 27.040 0.797 22.578 6.877 
5 10.1 2.313 16.6 0.110 11.560 1.127 14.429 4.711 
6 11.1 2.407 14.3 0.056 32.490 1.351 16.016 2.946 
7 12 2.485 19.6 0.025 0.160 0.064 17.327 5.167 
8 13.2 2.580 20.1 0.004 0.010 -0.006 18.929 1.371 
9 15.7 2.754 23.4 0.012 11.560 0.373 21.844 2.420 
10 17.6 2.868 26.7 0.050 44.890 1.501 23.765 8.616 
11 21.7 3.077 26.8 0.188 46.240 2.947 27.285 0.235 
12 21 3.045 28.9 0.160 79.210 3.565 26.734 4.693 
13 22.3 3.105 25.7 0.212 32.490 2.626 27.743 4.175 
14 24.1 3.182 26.2 0.290 38.440 3.337 29.048 8.111 
15 24.7 3.207 26.2 0.317 38.440 3.490 29.461 10.637 
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Emission Unit: HWI 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	y= -24.443 + 16.809 Ln(x) 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.959 ? 0.85 yes 

Confidence interval 7.32% < 10% yes 

Tolerance interval 23.1 % < 25% yes 

* Indicates correlation coefficient is undefined. 

Plot of Logarithmic Regression Curve 
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PM CEMS Response 

R5-2014-0104710000333 

RESULTS OF LOGARITHMIC CORRELATION 

Facility: 	Facility C 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 15 

x'~ x'~ = 1ln*(Sum of (x' ; )) = 2.64 

SX~X~ SX~X~ = Sum((x'~ x'~ }^2) = 2.96 
y~ y~ = 1ln*(Sum of (y; )) = 20.0 

Syy  Syy  = Sum((y ;-y~ )^2) = 905 
SX ~ y  SX ~ y  = Sum((x'~ x'~)(Y~ Y~ )) = 49.8 
bo  bo  = y~-b~x'~ _ -24.443 

b ~ b~ = SX ~ y/SX ~ X ~ = 16.809 
S ~ S~ = SQRT(1/(n-2)(Sum(y ;^-y ; )^2}) = 2.290 

Y^mean y^ at mean x value = 20.000 
tf  tf  from table = 2.160 

CI CI = tf*S~*SQRT(1ln} = 1.277 
EL Emission Limit = 17.5 

CI% CI% =C1/EL*100% = 7.32% 
n' n'=n= 15 
vf  vf  from table = 1.485 
u n ~ u n ~ from table = 1.184 
kT  kt  = u n '*vf  = 1.759 

TI TI = k t*SL = 4.03 
TI% TI% = TI/EL*100% = 23.1 % 
Sy  Sy  = SQRT(S yy/(n-1)) = 8.038 

= 1-(S ~^2/Sy^2) = 0.919 

r r = SQRT((1-S ~^2/Sy^2)) = 0.959 
* Indicates correlation coefficient is undefined. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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CALCULATIONS FOR EXPONENTIAL CORRELATION 

Facility: 	Facility C 	 Emission Unit: HWI 
Location: 	Anytown USA 	 Test Dates: November 1 to 4, 2002 

Run 

PM CEMS 
response 

PM concentration 
mg/acm 

CALCULATED STATISTICAL PARAMETERS Measured Transformed 
x y y' = Ln ~Y) ~x~ x) ~Y'~ Y' ) ~x~ x)~Y'~ Y' ) Y'" ~Y'" ~ Y' ~ ) 

1 5.8 3.5 1.253 92.29 2.614 15.533 2.115 0.744 
2 7.6 9 2.197 60.94 0.452 5.249 2.256 0.004 
3 7.8 7.8 2.054 57.86 0.665 6.203 2.272 0.048 
4 16.4 25.2 3.227 0.99 0.128 0.355 2.948 0.078 
5 10.1 16.6 2.809 28.16 0.004 0.320 2.453 0.127 
6 11.1 14.3 2.660 18.55 0.044 0.902 2.531 0.017 
7 12 19.6 2.976 11.61 0.011 -0.361 2.602 0.139 
8 13.2 20.1 3.001 4.87 0.017 -0.289 2.696 0.093 
9 15.7 23.4 3.153 0.09 0.080 0.083 2.893 0.068 
10 17.6 26.7 3.285 4.81 0.172 0.910 3.042 0.059 
11 21.7 26.8 3.288 39.61 0.175 2.635 3.364 0.006 
12 21 28.9 3.364 31.29 0.244 2.764 3.309 0.003 
13 22.3 25.7 3.246 47.52 0.142 2.598 3.411 0.027 
14 24.1 26.2 3.266 75.57 0.157 3.444 3.552 0.082 
15 24.7 26.2 3.266 86.37 0.157 3.681 3.600 0.111 
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Emission Unit: HWI 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	y= 5.256 e o.o~ss X 

Cnmm ~ni nf Arrnnt~nrn Critnri ~ fnr DCA 1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.812 ? 0.85 no 
Confidence interval 19.93% < 10% no 
Tolerance interval 66.5% ~ 25% no 
° maicates correiation coemcient is unaennea. 

R5-2014-0104710000333 

RESULTS OF EXPONENTIAL CORRELATION 

Facility: 	Facility C 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 15 
x~ x~ = 1/n ~ (Sum of ( ~y)) = 15.41 

SXX SXX = Sum((x ~ x~)^2) = 560.5 
Y'~ y'~ = 1/n ~ (Sum of (Y' ; )) = 2.870 
Syy  Syy  = Sum((Y'~ Y'~)^2) = 5.06 
SXy  SXy ~ = Sum((x~ x~ )(Y'~ Y'~ )) = 44.03 
bo bo = y'~-b i x~ = 1.659 
b o  bo  = e^bo = 5.256 
b ~ b~ = SXy/SXX  = 0.079 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-y' ; )^2)) = 0.351 

Y'^mean y'^ at mean x value = 2.870 
tf  tf  from table = 2.160 

CI' CI' = tf~S~~SQRT(1!n) = 0.1960 
~C~' ~C~ ' _ 	~ ' - CI' 2.674 
UC ~ ' UC~ ' = y~ ' + CI' 3.066 

CI CI = (e^UCL' - e^LC~ ')/2 3.477 
E ~ Emission Limit = 17.5 

CI% CI% =CUE ~~ 100% = 19.93% 
n' n'=n= 15 
vf  v f  from table = 1.485 
un ~ u n ~ from table = 1.184 
kT kT  = un'~vf = 1.759 
TI' TI' = kt~S~ = 0.618 

~TL' ~TL' = y~ ' - TI' 2.252 
UTL' UTL' _ 	~ ' + TI' 3.488 

TI TI = (e^UTL' - e^LTL')/2 11.602 
TI% TI% = TI/EL~ 100% = 66.5% 
Sy  Sy  = SQRT(Syy/(n-1)) = 0.601 
r r = 1-(SL^2/S y^2) = 0.659 
r r = SQRT((1-S ~^2/Sy^2)) = 0.812 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POWER CORRELATION 

Facility: 	Facility C 	 Emission Unit: HWI 
Location: Anytown USA 	 Test Dates: November 1 to 4, 2002 

Run 

PM CEMS response 
PM concentration 

mg/acm 
CALCULATED STATISTICAL PARAMETERS Measured Transformed 

x' = Ln ~x) 
Measured Transformed 

x Y Y' = Ln ~Y) ~x'~ x' ) ~Y'~ Y' ) ~x'~ x' )~Y'~ Y' ) Y'" ~Y' ~"-Y' ~ ) 
1 5.8 1.758 3.5 1.253 0.785 2.614 1.433 1.810 0.3105 
2 7.6 2.028 9 2.197 0.379 0.452 0.414 2.133 0.0041 
3 7.8 2.054 7.8 2.054 0.348 0.665 0.481 2.164 0.0121 
4 16.4 2.797 25.2 3.227 0.024 0.128 0.055 3.053 0.0302 
5 10.1 2.313 16.6 2.809 0.110 0.004 0.020 2.473 0.1129 
6 11.1 2.407 14.3 2.660 0.056 0.044 0.050 2.586 0.0055 
7 12 2.485 19.6 2.976 0.025 0.011 -0.017 2.679 0.0877 
8 13.2 2.580 20.1 3.001 0.004 0.017 -0.008 2.793 0.0430 
9 15.7 2.754 23.4 3.153 0.012 0.080 0.031 3.001 0.0231 
10 17.6 2.868 26.7 3.285 0.050 0.172 0.093 3.137 0.0217 
11 21.7 3.077 26.8 3.288 0.188 0.175 0.181 3.388 0.0099 
12 21 3.045 28.9 3.364 0.160 0.244 0.198 3.349 0.0002 
13 22.3 3.105 25.7 3.246 0.212 0.142 0.174 3.421 0.0303 
14 24.1 3.182 26.2 3.266 0.290 0.157 0.213 3.513 0.0613 
15 24.7 3.207 26.2 3.266 0.317 0.157 0.223 3.543 0.0767 
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Emission Unit: HWI 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	y= 0.7466 x' ~
'sss 

Cnmm~ni nf Arrnnt ~nrn Critnri ~ fnr DCA1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.908 ? 0.85 yes 
Confidence interval 14.28% < 10% no 
Tolerance interval 46.4% ~ 25% no 
° maicates correiation coetncient is unaennea. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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RESULTS OF POWER CORRELATION 

Facility: 	Facility C 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 15 

x'~ x'~ = 1/n ~ (Sum of (x'; )) = 2.644 

SX ~X~ SX~X~ = Sum((x';-x'~)^2) = 2.96 
Y'~ y'~ = 1/n ~ (Sum of (y'; )) = 2.870 
S y ~y  Sy ~y  = Sum((Y'rY'~ )^2 ) = 5.06 
S X ~y SXy ~ = Sum ~~x'~ x'~)~Y'~ Y'~ )) = 3.54 
bo bo = y'~-b~x~ _ -0.292 
bo  bo  = e^bo = 0.747 
b ~ b~ = SX ~y ~/SX ~ X ~ = 1.196 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-Y'; )^2)) = 0.253 

Y~^mean y'^ at mean x value = 2.870 
tf  tf  from table = 2.160 

CI' CI = t f~S~~SQRT(1/n) = 0.141 
~C~' ~C~ ' _ 	~ ' - CI' 2.729 
UC~ ' UCL' = y~ ' + CI' 3.011 

CI CI = (e^UCL' - e^LC ~ ')/2 2.492 
E ~ Emission Limit = 17.5 

CI% CI% =CUE ~~ 100% = 14.28% 
n' n'=n= 15 
vf  vf  from table = 1.485 
u n ~ u n ~ from table = 1.184 
kT kT  = un~~vf  = 1.759 
TI' TI' = kTS~ = 0.444 

~TL' ~TL' = y~' - TI' 2.425 
UTL' UTL' _ 	~ ' + TI' 3.314 

TI TI = (e^UTL' - e^LTL')/2 8.093 
TI% TI% = TI/EL ~ 100% = 46.4% 
Sy ~ S y ~ = SQRT(S y ~ y ~/(n-1)) = 0.601 
r r = 1-(SL^2/Sy^2) = 0.824 
r r = SQRT((1-S ~^2ISy^2)) = 0.908 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 
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SELECTION OF BEST MODEL 

Facility: 	Facility C 	 Emission Unit: HWI 
Location: 	Anytown USA 	 Test Dates: November 1 to 4, 2002 

Model Correlation 
coefficient (a) > 0.85 ? — 

Confidence interval 
half range percentage < 10% ? — 

Tolerance interval half 
range percentage < 25% ? — 

Min/max within 
allowable range? 

Does model meet all 
criteria? 

Linear 0.898 Yes 1129% No 35.6% No (b) No 
Polynomial 0.987 Yes 5.56% Yes 13.4% Yes No No 
Logarithmic 0.959 Yes 7.32% Yes 23.1 % Yes (b) Yes 
Exponential 0.812 No 19.93% No 66.5% No (b) No 

Power 0.908 Yes 14.28% No 46.4% No (b) No 
(a)* indicates correlation coefficient is undefined; model does not satisfy criterion. 
(b)Not applicable; criterion applies only to polynomial model. 

Best model: 	Logarithmic 

PS-11 Correlation Test 
Calculation Spreadsheet 
Version 2-6 	10/25/04 
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Appendix A.4 

Complete Results of Example No. 4 
Original Test Data 
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CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA 
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Facility: Facility D 
Location: Anytown USA 
Emission Unit: Boiler 
Test Dates: November 1 to 4, 2002 

Value 	Units  
Emission limit: 18.5 	mg/acm 
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CALCULATIONS FOR LINEAR CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: November 1 to 4, 2002 

Run 

PM CEMS 
response 

PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS 

x y ~x~ x)2  ~Y~ Y)2  ~x~ x)~Y~ Y) Y" ~Y"~ Y~) 2  
1 6.7 3.1 52.22 16.21 29.10 2.808 0.085 
2 7.6 7.4 40.03 0.07 -1.73 3.346 16.437 
3 7.8 2.1 37.54 25.27 30.80 3.465 1.864 
4 9.2 3.7 22.34 11.74 16.20 4.302 0.362 
5 10.1 6.1 14.64 1.05 3.93 4.840 1.588 
6 11.1 2.8 7.99 18.72 12.23 5.437 6.956 
7 12 4.9 3.71 4.96 4.29 5.975 1.156 
8 18.2 8.3 18.26 1.38 5.01 9.680 1.906 
9 13.7 4.5 0.05 6.90 0.60 6.991 6.206 
10 14.6 8.2 0.45 1.15 0.72 7.529 0.450 
11 19.7 13 33.33 34.50 33.91 10.577 5.872 
12 18 11.1 16.59 15.79 16.18 9.561 2.369 
13 20.3 11.9 40.62 22.78 30.42 10.935 0.930 
14 20.2 10.6 39.35 12.06 21.79 10.876 0.076 
15 19.7 9.2 33.33 4.30 11.97 10.577 1.896 
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RESULTS OF LINEAR CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 15 
x~ x~ = 1tn*(Sum of (x)) = 13.93 

SXX SXX = Sum((x ~ x~ )^2) = 360 
y~ y~ = 1ln*(Sum of (y; )) = 7.13 

Svv Svv = Sum((y~ Y~ )^2) = 177 
SXy  SXy  = Sum((x~ x~>(y, y~)} = 215.4 
bo  bo  = y~-b~x~ _ -1.196 
b ~ b~ = SXy/SXX  = 0.598 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y; )^2)} = 1.925 

y^mean y^ at mean x value = 7.127 
tf  tf  from table = 2.160 
CI CI = tf*S ~*SQRT(1ln} = 1.074 
EL Emission Limit = 18.5 

CI% CI% =C1/EL*100% = 5.80% 
n' n'=n= 15 
vf  vf  from table = 1.485 
u n ~ u n ~ from table = 1.184 
kT  kt  = u n '*vf  = 1.759 
TI TI = kt*S~ = 3.386 

TI% TI% = TI/EL*100% = 18.3% 
S y  Sy  = SQRT(S yy/(n-1)) = 3.555 
r r = 1-(S ~^2/Sy^2) = 0.707 
r r = SQRT((1-S ~^2/Sy^2)) = 0.841 

* Indicates correlation coefficient is undefined.  

Emission Unit: Boiler 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	y= 	-1.196 + 0.598 x 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.841 ? 0.85 no 
Confidence interval 5.80% < 10% yes 
Tolerance interval 18.3% < 25% yes 
* Indicates correlation coefficient is undefined. 

Plot of Linear Regression Line 
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PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POLYNOMIAL CORRELATION 

Facility: Facility D 
	

Emission Unit: Boiler 
Location: Anytown USA 
	

Test Dates: November 1 to 4, 2002 

PM CEMS 
response 

PM concentration 
mg/acm CALCU ~ATED STATISTICAL PARAMETERS 

Run x y x2  x3  x4  xy x2y y^ (y^-y) 2  delta (yi-y~ )2  CI 
1 6.7 3.1 45 301 2,015 21 139 4.024 0.854 0.4111 16.21 2.57 
2 7.6 7.4 58 439 3,336 56 427 4.032 11.346 0.2412 0.07 1.97 
3 7.8 2.1 61 475 3,702 16 128 4.043 3.775 0.2158 25.27 1.87 
4 9.2 3.7 85 779 7,164 34 313 4.219 0.270 0.1296 11.74 1.45 
5 10.1 6.1 102 1,030 10,406 62 622 4.423 2.812 0.1307 1.05 1.45 
6 11.1 2.8 123 1,368 15,181 31 345 4.733 3.735 0.1559 18.72 1.59 
7 12 4.9 144 1,728 20,736 59 706 5.085 0.034 0.1838 4.96 1.72 
8 18.2 8.3 331 6,029 109,720 151 2,749 9.437 1.292 0.1253 1.38 1.42 
9 13.7 4.5 188 2,571 35,228 62 845 5.945 2.088 0.2145 6.90 1.86 
10 14.6 8.2 213 3,112 45,437 120 1,748 6.502 2.883 0.2103 1.15 1.84 
11 19.7 13 388 7,645 150,614 256 5,045 10.993 4.027 0.1825 34.50 1.72 
12 18 11.1 324 5,832 104,976 200 3,596 9.244 3.444 0.1262 15.79 1.43 
13 20.3 11.9 412 8,365 169,818 242 4,904 11.671 0.053 0.2523 22.78 2.02 
14 20.2 10.6 408 8,242 166,497 214 4,325 11.556 0.913 0.2382 12.06 1.96 
15 19.7 9.2 388 7,645 150,614 181 3,570 10.993 3.216 0.1825 4.30 1.72 
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Emission Unit: Boiler 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	 y= 	6.189 +-0.615 x+ 	0.04361 xZ  

Summary of Acceptance Criteria for PS-11 

Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.855 ? 0.85 yes 

Confidence interval 7.68% < 10% yes 

Tolerance interval 18.2% ~ 25% yes 

" Indicates correlation coefficient is undefined. 

Check for Correlation Curve MinimumlMaximum 
Correlation curve minimum point 7.05 

Minimum allowable x value 6.7 

Is correlation curve minimum < minimum x value? no 

Correlation curve maximum point NA 

Extrapolation limit for x(125% of maximum x value) NA 
Is correlation curve maximum > extrapolation limit? NA 

Plot of Polynomial Regression Curve 

PM CEMS Response 

R5-2014-0104710000333 

RESULTS OF POLYNOMIAL CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 15 
S ~ S1 = Sum (xi) = 209 

SZ  S2 = Sum (xi2) = 3,270 

S3  S3 = Sum (xi3) = 55,562 

S4 S4 = Sum (xi4) = 995,443 

SS  S5 = Sum (yi) = 107 

S6  S6 = Sum (xiyi) = 1,704 

S~ S7 = Sum (xi2yi) = 29,463 
det A det A= nS2S4-S2S2S2+S1S3S2-S3S3n+S2S1S3-S4S1S1 = 2.107E+07 

bo  b0 = (S5S2S4+S1S3S7+S2S6S3-S7S2S2-S3S3S5-S4S6S1)/det A = 6.189 

b ~ b1 = (nS6S4+S5S3S2+S2S1S7-S2S6S2-S7S3n-S4S1S5)/det A = -0.615 

bZ b2=(nS2S7+S1S6S2+S5S1S3-S2S2S5-S3S6n-S7S1S1)/detA= 0.04361 

SP  S P  = Sqrt((1/(n-3)Sum of (y^-Y)2) = 1.843 

D D=n(S2S4-S3 Z )+S1(S3S2-S1S4)+S2(S1S3-S2 Z )= 2.107E+07 
Co  CO = (S2S4-S3 )/D = 7.963 

C ~ C1 = (S3S2-S1S4)/D = -1.2473 
CZ  C2 = (S1S3-S2 )/D = 4.346E-02 
C 3  C3 = (nS4-S2 )/D = 2.013E-01 

C4 C4 = (S1S2-nS3)/D = -7.138E-03 
CS  C5 = (nS2-S1 )/D = 2.567E-04 

tf  t f  from table = 2.179 
EL Emission Limit = 18.5 
CI CI = t f~SP  "sqrt(delta-min) = 1.421 

CI% CI%=Cl/EL"100= 7.68% 
v f  v f  from table = 1.515 

u ° , u ~ from table = 1.208 
n' n' = 1/delta = 7.98 
kT  kt = un'"vf = 1.831 
TI TI = kt"sp = 3.373 

TI% TI% = TI/EL "100% = 18.2% 
y~ y~ = 1/n"(Sum of (yi)) = 7.13 
SY  Sy = sqrt(Sum of ( yi-y ~ )^2/(n-1) = 3.55 

r r = 1-(S P ^2/SY^2) = 0.731 

r r = sqrt((1-S P ^2/Sy^2)) = 0.855 

Max-min? bZ  > 0? minimum 

xmax-min y = -b ~ (2b Z  = 7.05 

1 . 25xmax 25.38 
Indicates correlation coefficient is undefined. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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CALCULATIONS FOR LOGARITHMIC CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: November 1 to 4, 2002 

PM CEMS response PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS Measured Transformed 

Run x x' = In (x) Y (x; ~-x'~ ) (Y~ Y) (x' ~ x' )(Y ~ Y) Y" (Y"~ Y~) 

1 6.7 1.902 3.1 0.439 16.214 2.669 2.244 0.732 
2 7.6 2.028 7.4 0.288 0.075 -0.147 3.173 17.871 
3 7.8 2.054 2.1 0.261 25.267 2.568 3.364 1.597 
4 9.2 2.219 3.7 0.120 11.742 1.185 4.580 0.774 
5 10.1 2.313 6.1 0.064 1.054 0.259 5.267 0.694 
6 11.1 2.407 2.8 0.025 18.720 0.684 5.962 10.000 
7 12 2.485 4.9 0.006 4.958 0.178 6.536 2.678 
8 18.2 2.901 8.3 0.113 1.377 0.395 9.604 1.700 
9 13.7 2.617 4.5 0.003 6.899 -0.138 7.512 9.073 
10 14.6 2.681 8.2 0.013 1.152 0.124 7.981 0.048 
11 19.7 2.981 13 0.173 34.496 2.441 10.187 7.912 
12 18 2.890 11.1 0.106 15.787 1.293 9.523 2.488 
13 20.3 3.011 11.9 0.199 22.785 2.127 10.408 2.226 
14 20.2 3.006 10.6 0.194 12.064 1.530 10.372 0.052 
15 19.7 2.981 9.2 0.173 4.299 0.862 10.187 0.975 
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Emission Unit: Boiler 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	y= -11.764 + 7.365 	Ln(x) 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.801 ? 0.85 no 
Confidence interval 6.41 % < 10% yes 
Tolerance interval 20.2% < 25% yes 
* Indicates correlation coefficient is undefined. 

R5-2014-0104710000333 

RESULTS OF LOGARITHMIC CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 15 

x' ~ x'~ = 1ln*(Sum of (x' ;)) = 2.57 

SX~X~ SX~X~ = Sum((x' ~ x'~ )^2) = 2.18 
y~ y~ = 1ln*(Sum of (y; )) = 7.1 

Svv Svv = Sum((Y~ Y~)^2 ) = 177 
SX ~ y  SX ~ y  = Sum((x' ~ x'~ )(y;-y~ }} = 16.0 
bo  bo  = y~-b~x'~ _ -11.764 
b ~ b~ = SX ~ y/SX ~ X ~ = 7.365 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-Y; )^2)) = 2.127 

Y^mean y^ at mean x value = 7.127 
tf  tf  from table = 2.160 
CI CI = tf*S~*SQRT(1ln) = 1.187 
EL Emission Limit = 18.5 

CI% CI% =C1/EL*100% = 6.41 % 
n' n'=n= 15 
vf  vf  from table = 1.485 
u n ~ u n ~ from table = 1.184 
kT  kt  = un '*vf  = 1.759 
TI TI = kt*SL = 3.74 

TI% TI% = TI/EL*100% = 20.2% 
S y  Sy  = SQRT(Syy/(n-1)) = 3.555 
r = 1-(S~^2/Sy^2) = 0.642 
r r = SQRT((1-S ~^2/Sy^2)) = 0.801 

* Indicates correlation coefficient is undefined. 

Plot of Logarithmic Regression Curve 
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PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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CALCULATIONS FOR EXPONENTIAL CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: 	Anytown USA 	 Test Dates: November 1 to 4, 2002 

Run 

PM CEMS 
response 

PM concentration 
mg/acm 

CALCULATED STATISTICAL PARAMETERS Measured Transformed 
x y y' = Ln ~Y) ~x~ x) ~Y'~ Y' ) ~x~ x)~Y'~ Y' ) Y'" ~Y'" ~ Y' ~ ) 

1 6.7 3.1 1.131 52.22 0.480 5.007 1.149 0.000 
2 7.6 7.4 2.001 40.03 0.031 -1.121 1.233 0.590 
3 7.8 2.1 0.742 37.54 1.171 6.631 1.252 0.260 
4 9.2 3.7 1.308 22.34 0.266 2.438 1.383 0.006 
5 10.1 6.1 1.808 14.64 0.000 0.061 1.467 0.117 
6 11.1 2.8 1.030 7.99 0.631 2.246 1.560 0.281 
7 12 4.9 1.589 3.71 0.055 0.453 1.644 0.003 
8 18.2 8.3 2.116 18.26 0.085 1.248 2.223 0.011 
9 13.7 4.5 1.504 0.05 0.102 0.073 1.803 0.089 
10 14.6 8.2 2.104 0.45 0.078 0.188 1.887 0.047 
11 19.7 13 2.565 33.33 0.549 4.276 2.364 0.041 
12 18 11.1 2.407 16.59 0.340 2.374 2.205 0.041 
13 20.3 11.9 2.477 40.62 0.426 4.157 2.420 0.003 
14 20.2 10.6 2.361 39.35 0.288 3.367 2.410 0.002 
15 19.7 9.2 2.219 33.33 0.156 2.280 2.364 0.021 
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Emission Unit: Boiler 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	y= 1.687 e o.osaa X 

Cnmm ~ni nf Arrnnt~nrn Critnri ~ fnr DCA 1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.806 ? 0.85 no 
Confidence interval 6.41 % < 10% yes 
Tolerance interval 21.3% ~ 25% yes 
° maicates correiation coemcient is unaennea. 

R5-2014-0104710000333 

RESULTS OF EXPONENTIAL CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 15 
x~ x~ = 1/n ~ (Sum of ( ~y)) = 13.93 

SXX SXX = Sum((x ~ x~)^2) = 360.5 
Y'~ y'~ = 1/n ~ (Sum of (Y' ; )) = 1.824 
Syy  Syy  = Sum((Y'~ Y'~)^2) = 4.66 
SXy  SXy ~ = Sum((x~ x~ )(Y'~ Y'~ )) = 33.68 
bo bo = y'~-b i x~ = 0.523 
b o  bo  = e^bo = 1.687 
b ~ b~ = SXy/SXX  = 0.093 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-y' ; )^2)) = 0.341 

Y'^mean y'^ at mean x value = 1.824 
tf  tf  from table = 2.160 

CI' CI' = tf~S~~SQRT(1!n) = 0.1903 
~C~' ~C~ ' _ 	~ ' - CI' 1.634 
UC ~ ' UC~ ' = y~ ' + CI' 2.015 

CI CI = (e^UCL' - e^LC~ ')/2 1.187 
E ~ Emission Limit = 18.5 

CI% CI% =CUE ~~ 100% = 6.41 % 
n' n'=n= 15 
vf  v f  from table = 1.485 
un ~ u n ~ from table = 1.184 
kT kT  = un'~vf = 1.759 
TI' TI' = kt~S~ = 0.600 

~TL' ~TL' = y~ ' - TI' 1.224 
UTL' UTL' _ 	~ ' + TI' 2.424 

TI TI = (e^UTL' - e^LTL')/2 3.947 
TI% TI% = TI/EL~ 100% = 21.3% 
Sy  Sy  = SQRT(Syy/(n-1)) = 0.577 
r r = 1-(SL^2/S y^2) = 0.650 
r r = SQRT((1-S ~^2/Sy^2)) = 0.806 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POWER CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: November 1 to 4, 2002 

Run 

PM CEMS response 
PM concentration 

mg/acm 
CALCULATED STATISTICAL PARAMETERS Measured Transformed 

x' = Ln ~x) 
Measured Transformed 

x Y Y' = Ln ~Y) ~x'~ x' ) ~Y'~ Y' ) ~x'~ x' )~Y'~ Y' ) Y'" ~Y' ~"-Y' ~ ) 
1 6.7 1.902 3.1 1.131 0.439 0.480 0.459 1.049 0.0068 
2 7.6 2.028 7.4 2.001 0.288 0.031 -0.095 1.196 0.6486 
3 7.8 2.054 2.1 0.742 0.261 1.171 0.553 1.227 0.2348 
4 9.2 2.219 3.7 1.308 0.120 0.266 0.178 1.420 0.0124 
5 10.1 2.313 6.1 1.808 0.064 0.000 0.004 1.529 0.0781 
6 11.1 2.407 2.8 1.030 0.025 0.631 0.126 1.639 0.3717 
7 12 2.485 4.9 1.589 0.006 0.055 0.019 1.730 0.0199 
8 18.2 2.901 8.3 2.116 0.113 0.085 0.098 2.218 0.0103 
9 13.7 2.617 4.5 1.504 0.003 0.102 -0.017 1.885 0.1454 
10 14.6 2.681 8.2 2.104 0.013 0.078 0.032 1.960 0.0208 
11 19.7 2.981 13 2.565 0.173 0.549 0.308 2.310 0.0648 
12 18 2.890 11.1 2.407 0.106 0.340 0.190 2.205 0.0409 
13 20.3 3.011 11.9 2.477 0.199 0.426 0.291 2.345 0.0172 
14 20.2 3.006 10.6 2.361 0.194 0.288 0.236 2.340 0.0004 
15 19.7 2.981 9.2 2.219 0.173 0.156 0.164 2.310 0.0083 
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Emission Unit: Boiler 
Test Dates: November 1 to 4, 2002 

Correlation equation: 	y= 0.3084 x' ~
'ssa 

Cnmm~ni nf Arrnnt ~nrn Critnri ~ fnr DCA1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.782 ? 0.85 no 
Confidence interval 6.76% < 10% yes 
Tolerance interval 22.6% ~ 25% yes 
° maicates correiation coetncient is unaennea. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 

R5-2014-0104710000333 

RESULTS OF POWER CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 15 

x'~ x'~ = 1/n ~ (Sum of (x'; )) = 2.565 

SX ~X~ SX~X~ = Sum((x';-x'~)^2) = 2.18 
Y'~ y'~ = 1/n ~ (Sum of (y'; )) = 1.824 
S y ~y  Sy ~y  = Sum((Y'rY'~ )^2 ) = 4.66 
S X ~y SXy ~ = Sum ~~x'~ x'~)~Y'~ Y'~ )) = 2.55 
bo bo = y'~-b~x~ _ -1.177 
bo  bo  = e^bo = 0.308 
b ~ b~ = SX ~y ~/SX ~ X ~ = 1.170 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-y'; )^2)) = 0.360 

Y~^mean y'^ at mean x value = 1.824 
tf  tf  from table = 2.160 

CI' CI = t f~S~~SQRT(1/n) = 0.201 
~C~' ~C~ ' _ 	~ ' - CI' 1.624 
UC~ ' UCL' = y~ ' + CI' 2.025 

CI CI = (e^UCL' - e^LC ~ ')/2 1.251 
E ~ Emission Limit = 18.5 

CI% CI% =CUE ~~ 100% = 6.76% 
n' n'=n= 15 
vf  vf  from table = 1.485 
u n ~ u n ~ from table = 1.184 
kT kT  = un~~vf  = 1.759 
TI' TI' = kTS~ = 0.632 

~TL' ~TL' = y~' - TI' 1.192 
UTL' UTL' _ 	~ ' + TI' 2.457 

TI TI = (e^UTL' - e^LTL')/2 4.187 
TI% TI% = TI/EL ~ 100% = 22.6% 
Sy ~ S y ~ = SQRT(S y ~ y ~/(n-1)) = 0.577 
r r = 1-(SL^2/Sy^2) = 0.612 
r r = SQRT((1-S ~^2ISy^2)) = 0.782 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 
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SELECTION OF BEST MODEL 

Facility: 	Facility D 
	

Emission Unit: Boiler 
Location: 	Anytown USA 
	

Test Dates: November 1 to 4, 2002 

Model 
Correlation 

coefficient (a) 
> 0.85 ? — 

Confidence interval 
half range percentage 

< 10% ? — 
Tolerance interval half 

range percentage 
< 25% ? 
— 

Min/max within 
allowable range? 

Does model meet all 
criteria? 

Linear 0.841 No 5.80% Yes 18.3% Yes (b) No 
Polynomial 0.855 Yes 7.68% Yes 182% Yes No No 
Logarithmic 0.801 No 6.41 % Yes 20.2% Yes (b) No 
Exponential 0.806 No 6.41 % Yes 21.3% Yes (b) No 

Power 0.782 No 6.76% Yes 22.6% Yes (b) No 
(a)* indicates correlation coefFicient is undefined; model does not satisfy criterion. 
(b)Not applicable; criterion applies only to polynomial model. 

Best model: None acceptable 

PS-11 Correlation Test 
Calculation Spreadsheet 
Version 2-6 	10/25/04 
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Appendix A.5 

Complete Results of Example No. 4 
With Five Additional Test Runs 
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CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA 
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Facility: Facility D 
Location: Anytown USA 
Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Value 	Units  
Emission limit: 18.5 	mg/acm 
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R5-2014-0104710000333 

CALCULATIONS FOR LINEAR CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Run 

PM CEMS 
response 

PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS 

x y ~x~ x)2  ~Y~ Y)2  ~x~ x)~Y~ Y) Y" ~Y"~ Y~) 2  
1 6.7 3.1 45.29 13.65 24.87 2.936 0.027 
2 7.6 7.4 33.99 0.37 -3.53 3.452 15.583 
3 7.8 2.1 31.70 22.04 26.43 3.567 2.152 
4 9.2 3.7 17.89 9.58 13.09 4.370 0.449 
5 10.1 6.1 11.09 0.48 2.31 4.886 1.474 
6 11.1 2.8 5.43 15.96 9.31 5.459 7.071 
7 12 4.9 2.04 3.59 2.71 5.975 1.156 
8 18.2 8.3 22.75 2.27 7.18 9.530 1.512 
9 13.7 4.5 0.07 5.27 -0.62 6.950 6.002 
10 14.6 8.2 1.37 1.97 1.64 7.466 0.539 
11 19.7 13 39.31 38.50 38.91 10.390 6.813 
12 18 11.1 20.88 18.53 19.67 9.415 2.839 
13 20.3 11.9 47.20 26.06 35.07 10.734 1.360 
14 20.2 10.6 45.83 14.48 25.76 10.677 0.006 
15 19.7 9.2 39.31 5.78 15.08 10.390 1.416 
16 5.2 2.4 67.73 19.32 36.17 2.076 0.105 
17 8.6 4.8 23.33 3.98 9.64 4.026 0.599 
18 14.1 6.2 0.45 0.35 -0.40 7.179 0.959 
19 14.5 7 1.14 0.04 0.22 7.408 0.167 
20 17.3 8.6 14.98 3.26 6.99 9.014 0.171 
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RESULTS OF LINEAR CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 20 
x~ x~ = 1tn*(Sum of (x)) = 13.43 

SXX SXX = Sum((x ~ x~ )^2) = 472 
y~ y~ = 1ln*(Sum of (y; )) = 6.80 
S yy  S yy  = Sum((y;-y~ )^2) = 205 
SXy  SXy  = Sum((x~ x~>(y, y~)} = 270.5 
bo  bo  = y~-b~x~ _ -0.905 
b ~ b~ = SXy/SXX  = 0.573 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y; )^2)} = 1.673 

Y^mean y^ at mean x value = 6.795 
tf  tf  from table = 2.101 
CI CI = tf*S ~*SQRT(1ln} = 0.786 
EL Emission Limit = 18.5 

CI% CI% =C1/EL*100% = 4.25% 
n' n'=n= 20 
vf  vf  from table = 1.384 
u n ~ u n ~ from table = 1.177 
kT  kt  = u n '*vf  = 1.629 
TI TI = kt*S~ = 2.726 

TI% TI% = TI/EL*100% = 14.7% 
S y  Sy  = SQRT(S yy/(n-1)) = 3.289 
r r = 1-(S ~^2/Sy^2) = 0.741 
r r = SQRT((1-S ~^2/Sy^2)) = 0.861 

* Indicates correlation coefficient is undefined.  

Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Correlation equation: 	y= 	-0.905 + 0.573 x 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.861 ? 0.85 yes 
Confidence interval 4.25% < 10% yes 
Tolerance interval 14.7% < 25% yes 
* Indicates correlation coefficient is undefined. 

Plot of Linear Regression Line 
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CALCULATIONS FOR POLYNOMIAL CORRELATION 

Facility: Facility D 
	

Emission Unit: Boiler 
Location: Anytown USA 
	

Test Dates: 11/1-11/4/02, 1/7-1/8/03 

PM CEMS 
response 

PM concentration 
mg/acm CALCU ~ATED STATISTICAL PARAMETERS 

Run x y x2  x3  x4  xy x2y y^ (y^-y) 2  delta (yi-y~ )2  CI 
1 6.7 3.1 45 301 2,015 21 139 3.578 0.229 0.2035 13.65 1.52 
2 7.6 7.4 58 439 3,336 56 427 3.745 13.360 0.1340 0.37 1.23 
3 7.8 2.1 61 475 3,702 16 128 3.789 2.852 0.1240 22.04 1.19 
4 9.2 3.7 85 779 7,164 34 313 4.167 0.218 0.0937 9.58 1.03 
5 10.1 6.1 102 1,030 10,406 62 622 4.474 2.643 0.0972 0.48 1.05 
6 11.1 2.8 123 1,368 15,181 31 345 4.876 4.310 0.1090 15.96 1.11 
7 12 4.9 144 1,728 20,736 59 706 5.291 0.153 0.1197 3.59 1.16 
8 18.2 8.3 331 6,029 109,720 151 2,749 9.531 1.516 0.0982 2.27 1.05 
9 13.7 4.5 188 2,571 35,228 62 845 6.214 2.937 0.1259 5.27 1.19 
10 14.6 8.2 213 3,112 45,437 120 1,748 6.776 2.029 0.1195 1.97 1.16 
11 19.7 13 388 7,645 150,614 256 5,045 10.919 4.329 0.1725 38.50 1.40 
12 18 11.1 324 5,832 104,976 200 3,596 9.357 3.039 0.0947 18.53 1.04 
13 20.3 11.9 412 8,365 169,818 242 4,904 11.514 0.149 0.2351 26.06 1.63 
14 20.2 10.6 408 8,242 166,497 214 4,325 11.413 0.662 0.2230 14.48 1.59 
15 19.7 9.2 388 7,645 150,614 181 3,570 10.919 2.956 0.1725 5.78 1.40 
16 5.2 2.4 27 141 731 12 65 3.413 1.027 0.4433 19.32 2.24 
17 8.6 4.8 74 636 5,470 41 355 3.990 0.657 0.0996 3.98 1.06 
18 14.1 6.2 199 2,803 39,525 87 1,233 6.457 0.066 0.1238 0.35 1.18 
19 14.5 7 210 3,049 44,205 102 1,472 6.711 0.084 0.1205 0.04 1.17 
20 17.3 8.6 299 5,178 89,575 149 2,574 8.766 0.028 0.0903 3.26 1.01 
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Emission Unit: Boiler 
Test Dates: 11I1-11I4IO2, 1/7-1I8I03 

Correlation equation: 	 y= 	3.935 +-0.263 x+ 	0.03137 xZ  

Summary of Acceptance Criteria for PS-11 

Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.875 ? 0.85 yes 

Confidence interval 5.47% < 10% yes 

Tolerance interval 14.4% ~ 25% yes 

" Indicates correlation coefficient is undefined. 

Check for Correlation Curve MinimumlMaximum 
Correlation curve minimum point 4.20 

Minimum allowable x value 5.2 

Is correlation curve minimum < minimum x value? yes 

Correlation curve maximum point NA 

Extrapolation limit for x(125% of maximum x value) NA 
Is correlation curve maximum > extrapolation limit? NA 

Plot of Polynomial Regression Curve 

PM CEMS Response 

R5-2014-0104710000333 

RESULTS OF POLYNOMIAL CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 20 
S ~ S1 = Sum (xi) = 269 

SZ  S2 = Sum (xi2) = 4,079 

S3  S3 = Sum (xi3) = 67,368 

S4 S4 = Sum (xi4) = 1,174,949 

SS  S5 = Sum (yi) = 136 

S6  S6 = Sum (xiyi) = 2,096 

S~ S7 = Sum (xi2yi) = 35,161 
det A det A= nS2S4-S2S2S2+S1S3S2-S3S3n+S2S1S3-S4S1S1 = 6.865E+07 

bo  b0 = (S5S2S4+S1S3S7+S2S6S3-S7S2S2-S3S3S5-S4S6S1)/det A = 3.935 

b ~ b1 = (nS6S4+S5S3S2+S2S1S7-S2S6S2-S7S3n-S4S1S5)/det A = -0.263 

bZ b2=(nS2S7+S1S6S2+S5S1S3-S2S2S5-S3S6n-S7S1S1)/detA= 0.03137 

SP  S P  = Sqrt((1/(n-3)Sum of (y^-Y)2) = 1.595 

D D=n(S2S4-S3 Z )+S1(S3S2-S1S4)+S2(S1S3-S2 Z )= 6.865E+07 
Co  CO = (S2S4-S3 )/D = 3.705 

C ~ C1 = (S3S2-S1S4)/D = -0.5942 
CZ  C2 =(S1 S3-S2 )/D = 2.121 E-02 
C 3  C3 = (nS4-S2 )/D = g.gg3E-02 

C4 C4 = (S1S2-nS3)/D = -3.667E-03 
CS  C5 = (nS2-S1 )/D = 1.375E-04 

tf  t f  from table = 2.110 
EL Emission Limit = 18.5 
CI CI = t f~SP  "sqrt(delta-min) = 1.011 

CI% CI%=Cl/EL"100= 5.47% 
v f  v f  from table = 1.400 

u ° , u ~ from table = 1.195 
n' n' = 1/delta = 11.07 
kT  kt = un'"vf = 1.673 
TI TI = kt"sp = 2.668 

TI% TI% = TI/EL "100% = 14.4% 
y~ y~ = 1/n"(Sum of (yi)) = 6.80 
SY  Sy = sqrt(Sum of ( yi-y ~ )^2/(n-1) = 3.29 

r P = 1-(SP ^2/$y^2) = 0.765 

r r = sqrt((1-S P ^2/Sy^2)) = 0.875 

Max-min? bZ  > 0? minimum 

xmax-min y = -b ~ (2b Z  = 4.20 

1 . 25xmax 25.38 
Indicates correlation coefficient is undefined. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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R5-2014-0104710000333 

CALCULATIONS FOR LOGARITHMIC CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

PM CEMS response PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS Measured Transformed 

Run x x' = In (x) Y (x; ~-x'~ ) (Y~ Y) (x' ~ x' )(Y ~ Y) Y" (Y"~ Y~) 

1 6.7 1.902 3.1 0.385 13.653 2.292 2.717 0.146 
2 7.6 2.028 7.4 0.244 0.366 -0.299 3.546 14.854 
3 7.8 2.054 2.1 0.219 22.043 2.198 3.717 2.614 
4 9.2 2.219 3.7 0.092 9.579 0.938 4.802 1.214 
5 10.1 2.313 6.1 0.044 0.483 0.146 5.416 0.468 
6 11.1 2.407 2.8 0.013 15.960 0.461 6.036 10.473 
7 12 2.485 4.9 0.001 3.591 0.071 6.549 2.718 
8 18.2 2.901 8.3 0.144 2.265 0.570 9.287 0.974 
9 13.7 2.617 4.5 0.009 5.267 -0.218 7.420 8.525 
10 14.6 2.681 8.2 0.025 1.974 0.223 7.838 0.131 
11 19.7 2.981 13 0.210 38.502 2.844 9.808 10.190 
12 18 2.890 11.1 0.135 18.533 1.584 9.214 3.555 
13 20.3 3.011 11.9 0.238 26.061 2.493 10.005 3.591 
14 20.2 3.006 10.6 0.234 14.478 1.839 9.973 0.394 
15 19.7 2.981 9.2 0.210 5.784 1.102 9.808 0.369 
16 5.2 1.649 2.4 0.763 19.316 3.840 1.051 1.820 
17 8.6 2.152 4.8 0.137 3.980 0.739 4.359 0.195 
18 14.1 2.646 6.2 0.015 0.354 -0.074 7.609 1.985 
19 14.5 2.674 7 0.023 0.042 0.031 7.793 0.629 
20 17.3 2.851 8.6 0.108 3.258 0.593 8.954 0.125 
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Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Correlation equation: 	y= 	-9.788 + 6.574 	Ln(x) 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.816 ? 0.85 no 
Confidence interval 4.82% < 10% yes 
Tolerance interval 16.7% < 25% yes 
* Indicates correlation coefficient is undefined. 

R5-2014-0104710000333 

RESULTS OF LOGARITHMIC CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 20 

x' ~ x'~ = 1ln*(Sum of (x' ;)) = 2.52 

SX~X~ SX~X~ = Sum((x' ~ x'~ )^2) = 3.25 
y~ y~ = 1ln*(Sum of (y; )) = 6.8 
Syy  Syy  = Sum((y;-y~ )^2) = 205 
SX ~ y  SX ~ y  = Sum((x' ~ x'~ )(y;-y~ }} = 21.4 
bo  bo  = y~-b~x'~ _ -9.788 
b ~ b~ = SX ~ y/SX ~ X ~ = 6.574 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y; )^2)) = 1.900 

Y^mean y^ at mean x value = 6.795 
tf  tf  from table = 2.101 
CI CI = tf*S~*SQRT(1ln) = 0.893 
EL Emission Limit = 18.5 

CI% CI% =C1/EL*100% = 4.82% 
n' n'=n= 20 
vf  vf  from table = 1.384 
u n ~ u n ~ from table = 1.177 
kT  kt  = un '*vf  = 1.629 
TI TI = kt*SL = 3.09 

TI% TI% = TI/EL*100% = 16.7% 
S y  Sy  = SQRT(Syy/(n-1)) = 3.289 
r = 1-(S~^2/Sy^2) = 0.666 
r r = SQRT((1-S ~^2/Sy^2)) = 0.816 

* Indicates correlation coefficient is undefined. 

Plot of Logarithmic Regression Curve 
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CALCULATIONS FOR EXPONENTIAL CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: 	Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Run 

PM CEMS 
response 

PM concentration 
mg/acm 

CALCULATED STATISTICAL PARAMETERS Measured Transformed 
x y y' = Ln ~Y) ~x~ x) ~Y'~ Y' ) ~x~ x)~Y'~ Y' ) Y'" ~Y'" ~ Y' ~ ) 

1 6.7 3.1 1.131 45.29 0.429 4.409 1.157 0.001 
2 7.6 7.4 2.001 33.99 0.046 -1.253 1.241 0.578 
3 7.8 2.1 0.742 31.70 1.091 5.881 1.260 0.268 
4 9.2 3.7 1.308 17.89 0.229 2.023 1.391 0.007 
5 10.1 6.1 1.808 11.09 0.000 -0.073 1.475 0.111 
6 11.1 2.8 1.030 5.43 0.573 1.763 1.569 0.290 
7 12 4.9 1.589 2.04 0.039 0.282 1.653 0.004 
8 18.2 8.3 2.116 22.75 0.109 1.573 2.233 0.014 
9 13.7 4.5 1.504 0.07 0.080 -0.076 1.812 0.095 
10 14.6 8.2 2.104 1.37 0.101 0.372 1.896 0.043 
11 19.7 13 2.565 39.31 0.606 4.881 2.373 0.037 
12 18 11.1 2.407 20.88 0.385 2.836 2.214 0.037 
13 20.3 11.9 2.477 47.20 0.476 4.741 2.429 0.002 
14 20.2 10.6 2.361 45.83 0.330 3.889 2.420 0.003 
15 19.7 9.2 2.219 39.31 0.187 2.713 2.373 0.024 
16 5.2 2.4 0.875 67.73 0.830 7.498 1.017 0.020 
17 8.6 4.8 1.569 23.33 0.047 1.052 1.335 0.055 
18 14.1 6.2 1.825 0.45 0.001 0.026 1.849 0.001 
19 14.5 7 1.946 1.14 0.025 0.171 1.887 0.004 
20 17.3 8.6 2.152 14.98 0.133 1.414 2.148 0.000 
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Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Correlation equation: 	y= 1.700 e o.osas X 

Cnmm ~ni nf Arrnnt~nrn Critnri ~ fnr DCA 1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.840 ? 0.85 no 
Confidence interval 4.52% < 10% yes 
Tolerance interval 16.3% ~ 25% yes 
° maicates correiation coemcient is unaennea. 

R5-2014-0104710000333 

RESULTS OF EXPONENTIAL CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 20 
x~ x~ = 1/n ~ (Sum of ( ~y)) = 13.43 

SXX SXX = Sum((x ~ x~)^2) = 471.8 
Y'~ y'~ = 1/n ~ (Sum of (Y' ; )) = 1.786 
Syy  Syy  = Sum((Y'~ Y'~)^2) = 5.72 
SXy  SXy ~ = Sum((x~ x~ )(Y'~ Y'~ )) = 44.12 
bo bo = y'~-b i x~ = 0.531 
b o  bo  = e^bo = 1.700 
b ~ b~ = SXy/SXX  = 0.094 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-Y' ; )^2)) = 0.298 

Y'^mean y'^ at mean x value = 1.786 
tf  tf  from table = 2.101 

CI' CI' = tf~S~~SQRT(1!n) = 0.1398 
~C~' ~C~ ' _ 	~ ' - CI' 1.647 
UC ~ ' UC~ ' = y~ ' + CI' 1.926 

CI CI = (e^UCL' - e^LC~ ')/2 0.837 
E ~ Emission Limit = 18.5 

CI% CI% =CUE ~~ 100% = 4.52% 
n' n'=n= 20 
vf  v f  from table = 1.384 
un ~ u n ~ from table = 1.177 
kT kT  = un'~vf = 1.629 
TI' TI' = kt~S~ = 0.485 

~TL' ~TL' = y~ ' - TI' 1.302 
UTL' UTL' _ 	~ ' + TI' 2.271 

TI TI = (e^UTL' - e^LTL')/2 3.007 
TI% TI% = TI/EL~ 100% = 16.3% 
Sy  Sy  = SQRT(Syy/(n-1)) = 0.549 
r r = 1-(SL^2/S y^2) = 0.706 
r r = SQRT((1-S ~^2/Sy^2)) = 0.840 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POWER CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Run 

PM CEMS response 
PM concentration 

mg/acm 
CALCULATED STATISTICAL PARAMETERS Measured Transformed 

x' = Ln ~x) 
Measured Transformed 

x Y Y' = Ln ~Y) ~x'~ x' ) ~Y'~ Y' ) ~x'~ x' )~Y'~ Y' ) Y'" ~Y' ~"-Y' ~ ) 
1 6.7 1.902 3.1 1.131 0.385 0.429 0.406 1.100 0.0010 
2 7.6 2.028 7.4 2.001 0.244 0.046 -0.106 1.240 0.5802 
3 7.8 2.054 2.1 0.742 0.219 1.091 0.489 1.269 0.2773 
4 9.2 2.219 3.7 1.308 0.092 0.229 0.145 1.451 0.0204 
5 10.1 2.313 6.1 1.808 0.044 0.000 -0.005 1.554 0.0645 
6 11.1 2.407 2.8 1.030 0.013 0.573 0.087 1.659 0.3959 
7 12 2.485 4.9 1.589 0.001 0.039 0.007 1.745 0.0243 
8 18.2 2.901 8.3 2.116 0.144 0.109 0.125 2.206 0.0080 
9 13.7 2.617 4.5 1.504 0.009 0.080 -0.027 1.892 0.1502 
10 14.6 2.681 8.2 2.104 0.025 0.101 0.050 1.962 0.0202 
11 19.7 2.981 13 2.565 0.210 0.606 0.357 2.293 0.0737 
12 18 2.890 11.1 2.407 0.135 0.385 0.228 2.194 0.0455 
13 20.3 3.011 11.9 2.477 0.238 0.476 0.337 2.327 0.0225 
14 20.2 3.006 10.6 2.361 0.234 0.330 0.278 2.321 0.0016 
15 19.7 2.981 9.2 2.219 0.210 0.187 0.198 2.293 0.0055 
16 5.2 1.649 2.4 0.875 0.763 0.830 0.796 0.820 0.0031 
17 8.6 2.152 4.8 1.569 0.137 0.047 0.081 1.377 0.0369 
18 14.1 2.646 6.2 1.825 0.015 0.001 0.005 1.923 0.0098 
19 14.5 2.674 7 1.946 0.023 0.025 0.024 1.954 0.0001 
20 17.3 2.851 8.6 2.152 0.108 0.133 0.120 2.150 0.0000 
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Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Correlation equation: 	y= 0.3665 x' ~
'osz 

Cnmm~ni nf Arrnnt ~nrn Critnri ~ fnr DCA1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.824 ? 0.85 no 

Confidence interval 4.73% < 10% yes 
Tolerance interval 17.0% ~ 25% yes 

° maicates correiation coetncient is unaennea. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 

R5-2014-0104710000333 

RESULTS OF POWER CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 20 

x'~ x'~ = 1/n ~ (Sum of (x'; )) = 2.522 

SX ~X~ SX~X~ = Sum((x' ;-x'~ )^2) = 3.25 
Y'~ y'~ = 1/n ~ (Sum of (y'; )) = 1.786 
S y ~y  Sy ~y  = Sum((Y'rY'~ )^2 ) = 5.72 

S X ~y SXy ~ = Sum ~~x'~ x'~)~Y'~ Y'~ )) = 3.60 
bo bo = y'~-b~x~ _ -1.004 
bo  bo  = e^bo = 0.367 

b ~ b~ = SX ~y ~/SX ~ X ~ = 1.106 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-y' ; )^2)) = 0.311 

Y~^mean y'^ at mean x value = 1.786 
tf  tf  from table = 2.101 

CI' CI = t f~S~~SQRT(1/n) = 0.146 
~C~' ~C~ ' _ 	~ ' - CI' 1.640 
UC~ ' UCL' = y~ ' + CI' 1.933 

CI CI = (e^UCL' - e^LC ~ ')/2 0.875 
E~ Emission Limit = 18.5 

CI% CI% =CUE ~~ 100% = 4.73% 
n' n'=n= 20 
v f  vf  from table = 1.384 
u n ~ u n ~ from table = 1.177 

kT kT  = un~~vf  = 1.629 
TI' TI' = kTS~ = 0.507 

~TL' ~TL' = y~' - TI' 1.280 
UTL' UTL' _ 	~ ' + TI' 2.293 

TI TI = (e^UTL' - e^LTL')/2 3.154 
TI% TI% = TI/EL ~ 100% = 17.0% 
Sy ~ S y ~ = SQRT(S y ~ y ~/(n-1)) = 0.549 
r r = 1-(SL^2/Sy^2) = 0.679 
r r = SQRT((1-S ~^2ISy^2)) = 0.824 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 
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SELECTION OF BEST MODEL 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: 	Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Model 
Correlation 

coefficient (a) 
> 0.85 ? — 

Confidence interval 
half range percentage 

< 10% ? — 
Tolerance interval half 

range percentage 
< 25% ? — 

Min/max within 
allowable range? 

Does model meet all 
criteria? 

Linear 0.861 Yes 425% Yes 14.7% Yes (b) Yes 
Polynomial 0.875 Yes 5.47% Yes 14.4% Yes Yes Yes 
Logarithmic 0.816 No 4.82% Yes 16.7% Yes (b) No 
Exponential 0.840 No 4.52% Yes 16.3% Yes (b) No 

Power 0.824 No 4.73% Yes 17.0% Yes (b) No 
(a)* indicates correlation coefficient is undefined; model does not satisfy criterion. 
(b)Not applicable; criterion applies only to polynomial model. 

Best model: 	Polynomial 

PS-11 Correlation Test 
Calculation Spreadsheet 
Version 2-6 	10/25/04 
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Appendix A.6 

Complete Results of Example No. 4— 
With Run 2 Excluded 
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CORRELATION TEST PM CEMS AND REFERENCE METHOD TEST DATA 
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Facility: Facility D 
Location: Anytown USA 
Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Value 	Units  
Emission limit: 18.5 	mg/acm 

Page 1 of 1 
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CALCULATIONS FOR LINEAR CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Run 

PM CEMS 
response 

PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS 

x y ~x~ x)2  ~Y~ Y)2  ~x~ x)~Y~ Y) Y" ~Y"~ Y~) 2  
1 6.7 3.1 49.52 13.42 25.78 2.338 0.581 
3 7.8 2.1 35.25 21.75 27.68 3.029 0.864 
4 9.2 3.7 20.58 9.38 13.90 3.910 0.044 
5 10.1 6.1 13.23 0.44 2.41 4.476 2.638 
6 11.1 2.8 6.95 15.71 10.45 5.105 5.312 
7 12 4.9 3.02 3.47 3.24 5.671 0.594 
8 18.2 8.3 19.92 2.36 6.86 9.570 1.613 
9 13.7 4.5 0.00 5.12 0.08 6.740 5.018 
10 14.6 8.2 0.75 2.06 1.24 7.306 0.799 
11 19.7 13 35.56 38.90 37.19 10.513 6.183 
12 18 11.1 18.17 18.81 18.49 9.444 2.741 
13 20.3 11.9 43.08 26.39 33.71 10.891 1.019 
14 20.2 10.6 41.77 14.72 24.80 10.828 0.052 
15 19.7 9.2 35.56 5.94 14.53 10.513 1.725 
16 5.2 2.4 72.88 19.04 37.25 1.394 1.011 
17 8.6 4.8 26.39 3.85 10.08 3.533 1.606 
18 14.1 6.2 0.13 0.32 -0.20 6.992 0.627 
19 14.5 7 0.58 0.06 0.18 7.243 0.059 
20 17.3 8.6 12.70 3.37 6.54 9.004 0.163 

Page 1 of 1 
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RESULTS OF LINEAR CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 19 
x~ x~ = 1tn*(Sum of (x)) = 13.74 

SXX SXX = Sum((x ~ x~ )^2) = 436 
Y~ y~ = 1ln*(Sum of (y; )) = 6.76 
S yy  S yy  = Sum((y;-y~ )^2) = 205 
SXy  SXy  = Sum((x~ x~)(Y~ Y~ )) = 274.2 
bo  bo  = y~-b~x~ _ -1.876 
b ~ b~ = SXy/SXX  = 0.629 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y; )^2)) = 1.386 

Y^mean y^ at mean x value = 6.763 
tf  tf  from table = 2.110 
CI CI = tf*S ~*SQRT(1ln} = 0.671 
EL Emission Limit = 18.5 

CI% CI% =C1/EL*100% = 3.63% 
n' n'=n= 19 
vf  vf  from table = 1.400 
u n ~ u n ~ from table = 1.178 
kT  kt  = u n '*vf  = 1.649 
TI TI = kt*S~ = 2.285 

TI% TI% = TI/EL*100% = 12.4% 
S y  Sy  = SQRT(S yy/(n-1)) = 3.376 
r r = 1-(S ~^2/Sy^2) = 0.831 
r r = SQRT((1-S ~^2/Sy^2)) = 0.912 

* Indicates correlation coefficient is undefined.  

Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Correlation equation: 	y= 	-1.876 + 0.629 x 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.912 ? 0.85 yes 
Confidence interval 3.63% < 10% yes 
Tolerance interval 12.4% < 25% yes 
* Indicates correlation coefficient is undefined. 

Plot of Linear Regression Line 

14 
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PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 

PS-11 Example 4C-R 19 Runs 10-27-04.x1s 	 Linear Summary 	 Linear Summary 



R5-2014-0104710000333 

CALCULATIONS FOR POLYNOMIAL CORRELATION 

Facility: Facility D 
	

Emission Unit: Boiler 
Location: Anytown USA 
	

Test Dates: 11/1-11/4/02, 1/7-1/8/03 

PM CEMS 
response 

PM concentration 
mg/acm CALCU ~ATED STATISTICAL PARAMETERS 

Run x y x2  x3  x4  xy x2y y^ (y^-y) 2  delta (yi-y~ )2  CI 
1 6.7 3.1 45 301 2,015 21 139 2.906 0.038 0.2329 13.42 1.35 
3 7.8 2.1 61 475 3,702 16 128 3.246 1.313 0.1432 21.75 1.06 
4 9.2 3.7 85 779 7,164 34 313 3.770 0.005 0.1039 9.38 0.90 
5 10.1 6.1 102 1,030 10,406 62 622 4.161 3.761 0.1035 0.44 0.90 
6 11.1 2.8 123 1,368 15,181 31 345 4.644 3.400 0.1125 15.71 0.94 
7 12 4.9 144 1,728 20,736 59 706 5.123 0.050 0.1215 3.47 0.97 
8 18.2 8.3 331 6,029 109,720 151 2,749 9.569 1.610 0.0983 2.36 0.88 
9 13.7 4.5 188 2,571 35,228 62 845 6.144 2.702 0.1262 5.12 0.99 
10 14.6 8.2 213 3,112 45,437 120 1,748 6.745 2.118 0.1195 2.06 0.97 
11 19.7 13 388 7,645 150,614 256 5,045 10.944 4.227 0.1725 38.90 1.16 
12 18 11.1 324 5,832 104,976 200 3,596 9.394 2.910 0.0948 18.81 0.86 
13 20.3 11.9 412 8,365 169,818 242 4,904 11.527 0.139 0.2351 26.39 1.36 
14 20.2 10.6 408 8,242 166,497 214 4,325 11.428 0.686 0.2230 14.72 1.32 
15 19.7 9.2 388 7,645 150,614 181 3,570 10.944 3.042 0.1725 5.94 1.16 
16 5.2 2.4 27 141 731 12 65 2.543 0.020 0.4924 19.04 1.96 
17 8.6 4.8 74 636 5,470 41 355 3.533 1.606 0.1131 3.85 0.94 
18 14.1 6.2 199 2,803 39,525 87 1,233 6.406 0.042 0.1239 0.32 0.98 
19 14.5 7 210 3,049 44,205 102 1,472 6.676 0.105 0.1205 0.06 0.97 
20 17.3 8.6 299 5,178 89,575 149 2,574 8.800 0.040 0.0904 3.37 0.84 

Page 1 of 1 
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Emission Unit: Boiler 
Test Dates: 11I1-11I4IO2, 1/7-1I8I03 

Correlation equation: 	 y= 	2.189 +-0.067 x+ 	0.02596 xz  

Summary of Acceptance Criteria for PS-11 

Criterion Actual Allowable Acceptable? 

Correlation coefficient 0.921 ? 0.85 yes 

Confidence interval 4.54% < 10% yes 

Toleranceinterval 12.1% <25% yes 

" Indicates correlation coefficient is undefined. 

Check for Correlation Curve MinimumlMaximum 
Correlation curve minimum point 1.29 

Minimum allowable x value 5.2 

Is correlation curve minimum < minimum x value? yes 

Correlation curve maximum point NA 

Extrapolation limit for x(125% of maximum x value) NA 
Is correlation curve maximum > extrapolation limit? NA 

Plot of Polynomial Regression Curve 

14 

PM CEMS Response 

R5-2014-0104710000333 

RESULTS OF POLYNOMIAL CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 19 
S ~ S1 = Sum (xi) = 261 

Sz  S2 = Sum (xi2) = 4,021 

S3  S3 = Sum (xi3) = 66,929 

S4 S4 = Sum (xi4) = 1,171,613 

SS  S5 = Sum (yi) = 129 

S6  S6 = Sum (xiyi) = 2,039 

S~ S7 = Sum (xi2yi) = 34,734 
det A det A= nS2S4-S2S2S2+S1S3S2-S3S3n+S2S1S3-S4S1S1 = 5.945E+07 

bo  b0 = (S5S2S4+S1S3S7+S2S6S3-S7S2S2-S3S3S5-S4S6S1)/det A = 2.189 

b ~ b1 = (nS6S4+S5S3S2+S2S1S7-S2S6S2-S7S3n-S4S1S5)/det A = -0.067 

bz b2=(nS2S7+S1S6S2+S5S1S3-S2S2S5-S3S6n-S7S1S1)/detA= 0.02596 

SP  S P  = Sqrt((1/(n-3)Sum of (y^-Y)2) = 1.318 

D D=n(S2S4-S3z )+S1(S3S2-S1S4)+S2(S1S3-S2 z )= 5.945E+07 
Co  CO = (S2S4-S3 )/D = 3.902 

C ~ C1 = (S3S2-S1S4)/D = -0.6164 
Cz  C2 = (S1S3-S2 )/D = 2.1g2E-02 
C 3  C3 = (nS4-S2 )/D = 1.024E-01 

C4 C4 = (S1S2-nS3)/D = -3.736E-03 
CS  C5 = (nS2-S1 )/D = 1.394E-04 

tf  t f  from table = 2.120 
EL Emission Limit = 18.5 
CI CI = t f~SP  "sqrt(delta-min) = 0.840 

CI% CI%=Cl/EL"100= 4.54% 
v f  v f  from table = 1.418 

u ° , u ~ from table = 1.195 
n' n' = 1/delta = 11.06 
kT  kt = un'"vf = 1.694 
TI TI = kt"sp = 2.233 

TI% TI% = TI/EL "100% = 12.1% 
y~ y~ = 1/n"(Sum of (yi)) = 6.76 
SY  Sy = sqrt(Sum of ( yi-y ~ )^2/(n-1) = 3.38 

r r = 1-(S P^2/SY^2) = 0.847 

r r = sqrt((1-S P^2/SY^2)) = 0.921 

Max-min? bz  > 0? minimum 

xmax-min Y = -b ~ (2b z  = 1.29 

1 . 25xmax 25.38 
Indicates correlation coefficient is undefined. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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CALCULATIONS FOR LOGARITHMIC CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

PM CEMS response PM concentration 
mg/acm CALCULATED STATISTICAL PARAMETERS Measured Transformed 

Run x x' = In (x) Y (x; ~-x'~ ) (Y~ Y) (x' ~ x' )(Y ~ Y) Y" (Y"~ Y~) 

1 6.7 1.902 3.1 0.418 13.419 2.367 2.082 1.037 
3 7.8 2.054 2.1 0.244 21.745 2.305 3.183 1.173 
4 9.2 2.219 3.7 0.108 9.383 1.008 4.379 0.461 
5 10.1 2.313 6.1 0.056 0.440 0.156 5.055 1.092 
6 11.1 2.407 2.8 0.020 15.707 0.560 5.739 8.636 
7 12 2.485 4.9 0.004 3.471 0.118 6.303 1.970 
8 18.2 2.901 8.3 0.125 2.362 0.543 9.321 1.042 
9 13.7 2.617 4.5 0.005 5.122 -0.156 7.263 7.635 
10 14.6 2.681 8.2 0.018 2.065 0.191 7.724 0.226 
11 19.7 2.981 13 0.187 38.898 2.696 9.894 9.645 
12 18 2.890 11.1 0.117 18.808 1.483 9.241 3.457 
13 20.3 3.011 11.9 0.214 26.387 2.375 10.112 3.198 
14 20.2 3.006 10.6 0.209 14.721 1.755 10.076 0.275 
15 19.7 2.981 9.2 0.187 5.938 1.053 9.894 0.482 
16 5.2 1.649 2.4 0.809 19.037 3.926 0.246 4.641 
17 8.6 2.152 4.8 0.157 3.854 0.779 3.890 0.828 
18 14.1 2.646 6.2 0.010 0.317 -0.055 7.472 1.617 
19 14.5 2.674 7 0.016 0.056 0.030 7.674 0.455 
20 17.3 2.851 8.6 0.091 3.374 0.555 8.953 0.125 
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Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Correlation equation: 	y= -11.697 + 7.244 	Ln(x) 

Summary of Acceptance Criteria for PS-11 
Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.867 ? 0.85 yes 
Confidence interval 4.40% < 10% yes 
Tolerance interval 15.0% < 25% yes 
* Indicates correlation coefficient is undefined. 

Plot of Logarithmic Regression Curve 
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RESULTS OF LOGARITHMIC CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data points = 19 

x' ~ x'~ = 1ln*(Sum of (x' ;)) = 2.55 

SX~X~ SX~X~ = Sum((x' ~ x'~ )^2) = 2.99 
y~ y~ = 1ln*(Sum of (y; )) = 6.8 
Syy  Syy  = Sum((y;-y~ )^2) = 205 
SX ~ y  SX ~ y  = Sum((x'~ x'~)(Y~ Y~ }} = 21.7 
bo  bo  = y~-b~x'~ _ -11.697 
b ~ b~ = SX ~ y/SX ~ X ~ = 7.244 
S~ S~ = SQRT(1/(n-2)(Sum(y ;^-y; )^2)) = 1.680 

Y^mean y^ at mean x value = 6.763 
tf  tf  from table = 2.110 
CI CI = tf*S~*SQRT(1ln) = 0.813 
EL Emission Limit = 18.5 

CI% CI% =C1/EL*100% = 4.40% 
n' n'=n= 19 
vf  vf  from table = 1.400 
u n ~ u n ~ from table = 1.178 
kT  kt  = un '*vf  = 1.649 
TI TI = kt*SL = 2.77 

TI% TI% = TI/EL*100% = 15.0% 
S y  Sy  = SQRT(Syy/(n-1)) = 3.376 
r = 1-(S~^2/Sy^2) = 0.752 
r r = SQRT((1-S ~^2/Sy^2)) = 0.867 

* Indicates correlation coefficient is undefined. 

PM CEMS Response 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 
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CALCULATIONS FOR EXPONENTIAL CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: 	Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Run 

PM CEMS 
response 

PM concentration 
mg/acm 

CALCULATED STATISTICAL PARAMETERS Measured Transformed 
x y y' = Ln ~Y) ~x~ x) ~Y'~ Y' ) ~x~ x)~Y'~ Y' ) Y'" ~Y'" ~ Y' ~ ) 

1 6.7 3.1 1.131 49.52 0.414 4.530 1.042 0.008 
3 7.8 2.1 0.742 35.25 1.068 6.134 1.156 0.172 
4 9.2 3.7 1.308 20.58 0.218 2.118 1.302 0.000 
5 10.1 6.1 1.808 13.23 0.001 -0.120 1.396 0.170 
6 11.1 2.8 1.030 6.95 0.556 1.966 1.500 0.222 
7 12 4.9 1.589 3.02 0.035 0.323 1.594 0.000 
8 18.2 8.3 2.116 19.92 0.116 1.522 2.240 0.015 
9 13.7 4.5 1.504 0.00 0.073 0.010 1.771 0.071 
10 14.6 8.2 2.104 0.75 0.108 0.284 1.865 0.057 
11 19.7 13 2.565 35.56 0.624 4.710 2.397 0.028 
12 18 11.1 2.407 18.17 0.399 2.693 2.219 0.035 
13 20.3 11.9 2.477 43.08 0.492 4.603 2.459 0.000 
14 20.2 10.6 2.361 41.77 0.343 3.785 2.449 0.008 
15 19.7 9.2 2.219 35.56 0.197 2.648 2.397 0.031 
16 5.2 2.4 0.875 72.88 0.809 7.681 0.886 0.000 
17 8.6 4.8 1.569 26.39 0.043 1.061 1.240 0.108 
18 14.1 6.2 1.825 0.13 0.002 0.018 1.813 0.000 
19 14.5 7 1.946 0.58 0.029 0.130 1.855 0.008 
20 17.3 8.6 2.152 12.70 0.142 1.342 2.146 0.000 
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Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Correlation equation: 	y= 1.410 e 0.1042 X 

Cnmm ~ni nf Arrnnt~nrn Critnri ~ fnr DCA 1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.909 ? 0.85 yes 
Confidence interval 3.63% < 10% yes 
Tolerance interval 12.6% ~ 25% yes 
° maicates correiation coemcient is unaennea. 

R5-2014-0104710000333 

RESULTS OF EXPONENTIAL CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 19 
x~ x~ = 1/n ~ (Sum of ( ~y)) = 13.74 

SXX SXX = Sum((x ~ x~)^2) = 436.0 
Y'~ y'~ = 1/n ~ (Sum of (Y' ; )) = 1.775 
Syy  Syy  = Sum((Y'~ Y'~)^2) = 5.67 
SXy  SXy ~ = Sum((x~ x~ )(Y'~ Y'~ )) = 45.44 
bo bo = y'~-b i x~ = 0.344 
b o  bo  = e^bo = 1.410 
b ~ b~ = SXy/SXX  = 0.104 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-Y' ; )^2)) = 0.235 

Y'^mean y'^ at mean x value = 1.775 
tf  tf  from table = 2.110 

CI' CI' = tf~S~~SQRT(1!n) = 0.1135 
~C~' ~C~ ' _ 	~ ' - CI' 1.662 
UC ~ ' UC~ ' = y~ ' + CI' 1.889 

CI CI = (e^UCL' - e^LC~ ')/2 0.671 
E ~ Emission Limit = 18.5 

CI% CI% =CUE ~~ 100% = 3.63% 
n' n'=n= 19 
vf  v f  from table = 1.400 
un ~ u n ~ from table = 1.178 
kT kT  = un'~vf = 1.649 
TI' TI' = kt~S~ = 0.387 

~TL' ~TL' = y~ ' - TI' 1.388 
UTL' UTL' _ 	~ ' + TI' 2.162 

TI TI = (e^UTL' - e^LTL')/2 2.340 
TI% TI% = TI/EL~ 100% = 12.6% 
Sy  Sy  = SQRT(Syy/(n-1)) = 0.561 
r r = 1-(SL^2/S y^2) = 0.825 
r r = SQRT((1-S ~^2/Sy^2)) = 0.909 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 10/25/04 
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CALCULATIONS FOR POWER CORRELATION 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Run 

PM CEMS response 
PM concentration 

mg/acm 
CALCULATED STATISTICAL PARAMETERS Measured Transformed 

x' = Ln ~x) 
Measured Transformed 

x Y Y' = Ln ~Y) ~x'~ x' ) ~Y'~ Y' ) ~x'~ x' )~Y'~ Y' ) Y'" ~Y' ~"-Y' ~ ) 
1 6.7 1.902 3.1 1.131 0.418 0.414 0.416 0.975 0.0245 
3 7.8 2.054 2.1 0.742 0.244 1.068 0.511 1.163 0.1773 
4 9.2 2.219 3.7 1.308 0.108 0.218 0.154 1.367 0.0035 
5 10.1 2.313 6.1 1.808 0.056 0.001 -0.008 1.483 0.1058 
6 11.1 2.407 2.8 1.030 0.020 0.556 0.105 1.600 0.3253 
7 12 2.485 4.9 1.589 0.004 0.035 0.012 1.697 0.0115 
8 18.2 2.901 8.3 2.116 0.125 0.116 0.120 2.212 0.0092 
9 13.7 2.617 4.5 1.504 0.005 0.073 -0.019 1.861 0.1271 
10 14.6 2.681 8.2 2.104 0.018 0.108 0.044 1.939 0.0271 
11 19.7 2.981 13 2.565 0.187 0.624 0.341 2.311 0.0647 
12 18 2.890 11.1 2.407 0.117 0.399 0.216 2.199 0.0433 
13 20.3 3.011 11.9 2.477 0.214 0.492 0.324 2.348 0.0166 
14 20.2 3.006 10.6 2.361 0.209 0.343 0.268 2.342 0.0004 
15 19.7 2.981 9.2 2.219 0.187 0.197 0.192 2.311 0.0083 
16 5.2 1.649 2.4 0.875 0.809 0.809 0.809 0.661 0.0461 
17 8.6 2.152 4.8 1.569 0.157 0.043 0.082 1.284 0.0810 
18 14.1 2.646 6.2 1.825 0.010 0.002 0.005 1.896 0.0051 
19 14.5 2.674 7 1.946 0.016 0.029 0.021 1.931 0.0002 
20 17.3 2.851 8.6 2.152 0.091 0.142 0.114 2.150 0.0000 
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Emission Unit: Boiler 
Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Correlation equation: 	y= 0.2513 x '~
23ss 

Cnmm~ni nf Arrnnt ~nrn Critnri ~ fnr DCA1 

Criterion Actual Allowable Acceptable? 
Correlation coefficient 0.894 ? 0.85 yes 
Confidence interval 3.90% < 10% yes 
Tolerance interval 13.6% ~ 25% yes 
° maicates correiation coetncient is unaennea. 

PS-11 Correlation Test 

Calculation Spreadsheet 

Version 2-6 	10/25/04 

R5-2014-0104710000333 

RESULTS OF POWER CORRELATION 

Facility: 	Facility D 
Location: Anytown USA 

Variable Equation Value 
n Number of data 	oints = 19 

x'~ x'~ = 1/n ~ (Sum of (x'; )) = 2.548 

SX ~X~ SX~X~ = Sum((x';-x'~)^2) = 2.99 
Y'~ y'~ = 1/n ~ (Sum of (y'; )) = 1.775 
S y ~y  Sy ~y  = Sum((Y'rY'~ )^2 ) = 5.67 
S X ~y SXy ~ = Sum ~~x'~ x'~)~Y'~ Y'~ )) = 3.71 
bo bo = y'~-b~x~ _ -1.381 
bo  bo  = e^bo = 0.251 
b ~ b~ = SX ~y ~/SX ~ X ~ = 1.239 
S ~ S~ = SQRT(1/(n-2)(Sum(y' ;^-Y'; )^2)) = 0.252 

Y~^mean y'^ at mean x value = 1.775 
tf  tf  from table = 2.110 

CI' CI = t f~S~~SQRT(1/n) = 0.122 
~C~' ~C~ ' _ 	~ ' - CI' 1.653 
UC~ ' UCL' = y~ ' + CI' 1.897 

CI CI = (e^UCL' - e^LC ~ ')/2 0.721 
E ~ Emission Limit = 18.5 

CI% CI% =CUE ~~ 100% = 3.90% 
n' n'=n= 19 
vf  vf  from table = 1.400 
u n ~ u n ~ from table = 1.178 
kT kT  = un~~vf  = 1.649 
TI' TI' = kTS~ = 0.415 

~TL' ~TL' = y~' - TI' 1.360 
UTL' UTL' _ 	~ ' + TI' 2.190 

TI TI = (e^UTL' - e^LTL')/2 2.521 
TI% TI% = TI/EL ~ 100% = 13.6% 
Sy ~ S y ~ = SQRT(S y ~ y ~/(n-1)) = 0.561 
r r = 1-(SL^2/Sy^2) = 0.799 
r r = SQRT((1-S ~^2ISy^2)) = 0.894 

u~c:ne= ~c~-iK.niarnm ~cK.iauiyran~tiY..uc:rawcx: ~ 
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R5-2014-0104710000333 

SELECTION OF BEST MODEL 

Facility: 	Facility D 	 Emission Unit: Boiler 
Location: 	Anytown USA 	 Test Dates: 11/1-11/4/02, 1/7-1/8/03 

Model Correlation 
coefficient (a) > 0.85 ? — 

Confidence interval 
half range percentage < 10% ? — 

Tolerance interval half 
range percentage < 25% ? — 

Min/max within 
allowable range? 

Does model meet all 
criteria? 

Linear 0.912 Yes 3.63% Yes 12.4% Yes (b) Yes 
Polynomial 0.921 Yes 4.54% Yes 12.1 % Yes Yes Yes 
Logarithmic 0.867 Yes 4.40% Yes 15.0% Yes (b) Yes 
Exponential 0.909 Yes 3.63% Yes 12.6% Yes (b) Yes 

Power 0.894 Yes 3.90% Yes 13.6% Yes (b) Yes 
(a)* indicates correlation coefficient is undefined; model does not satisfy criterion. 
(b)Not applicable; criterion applies only to polynomial model. 

Best model: 	Polynomial 

PS-11 Correlation Test 
Calculation Spreadsheet 
Version 2-6 	10/25/04 
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